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EXPERIMENTAL TRANSMISSION OF 


TRICHOMONAS VAGINALIS 


(PURE CULTURE) INTO MICE 


SHOZO INOKI AND YOSHIO HAMADA 


From the Department of Parasitology, Research Institute for Microbial Diseases, 
Osaka University, Osaka, Japan 


According to Trussell’s' monograph 
on Trichomonas vaginalis, it may be 
concluded that attempts to infect lower 


animals with this species of parasites 


have been unsuccessful except for the , 


positive result achieved with monkeys 
through the intravaginal route. 
Recently, however, Schnitzer et al® 
published an interesting study in which 
they reported that one strain each of 
T. vaginalis, Trichomonas gallinae, and 
Trichomonas foetus 


produced charac- 


teristic lesions following injection of 


the 
and 


bacteria-free cultures by intra- 


abdominal, intramuscular, sub- 


cutaneous routes. Furthermore, they 
pointed out that the pathogenicity of 
the strain of T. vaginalis was quite high 
also, and that large abscesses were in- 
variably found in the peritoneal cavities 
with 7. vaginalis 


by the intraperitoneal route. Neverthe- 


of mice inoculated 
less, it is regrettable that no mention 
was made as to whether fatal infections 
occurred in these inoculated mice. 

In 1950, Inoki et al* reported that the 
fatal 
notably by treating the mice with pea- 


rate of infections was increased 


nut oil or nitrogen mustard B [methyl- 


bis (8-chloroethyl) amine hydrochloride} 
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1947, Trichomonas vaginalis 


Chuma, FE. and 


just prior to inoculating with bacteria- 
free 7. foetus. 

In the same year, it was announced 
that the parasites from these infected 
mice had 
high pathogenicity, 
even toward the untreated normal mice, 
and displaying a mortality rate of 100% 
after a 


mustard-treated 
changed, showing 


nitrogen 


few successive transfers. 

Encouraged by these successful re- 
sults, similar experiments were under- 
taken for producing fatal infections in 
mice with pure cultures of 7. vaginalis, 
which has never been successfully done 
by other investigators. 

For this experiment mice of about 10 g 
were used. Prior to the intraperitoneal 
kinds of 
treatments were preparatorily tried on 
the mice, but without any satisfactory 


inoculation, several different 


results. However, it was found that defi- 
nite fatal infections were successfully 
produced in the they were 
treated intravenously with a suspension 


mice if 


of washed erythrocytes of young chick- 
the 
vaginalis. The 
chicken blood taken out by heart punc- 


ens before inoculation with bac- 


teria-free cultures of 7. 


ture was washed three times with 0.7% 
saline solution to prepare the desired 
suspension, 1 ml of which contained 10 
million erythrocytes. For the treatment, 
0.1 to 0.5 ml of the prepared emulsion 
was injected intravenously into each 
mouse. Two strains of 7. vaginalis were 
used for this experiment, both of which 
have been successively cultured through 


4. Inoki, S., Hamada, Y., Kamahora, 
Okamura, S. 1950, Unpublished data. 
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so-called V-bouillon medium, pH 5.6, 
prepared as follows: 


Liver of rabbit or cow 5.0¢ 
? 


Polypepton Og 
Sodium chloride 5g 
Cystein hydrochloride 0.2¢ 
Maltose 1.0¢ 


Distilled water 100.0 ml 


The meat extract is made by extracting rabbit or 
cow liver (15.0 g) in 100 ml distilled water, and 
then mixed with the other ingredients. Distribute 
in 8 ml amounts in medium sized tubes. Plug 
tubes and autoclave 15 minutes. Just before cul- 
tivation, boil 10 minutes, and after cooling, add 
2 ml sterile rabbit or horse serum to each tube. 


Five-tenths mi of the pure culture 
was inoculated into these treated mice 


Fic. 1.—Luxuriant growth of T. vaginalis dis- 


played in the peritoneal fluid of an infected 
mouse. Unstained preparation. 


by the intraperitoneal route. Conse- 
quently, it was revealed that 70% of 
these inoculated mice died, showing 
severe infections within 14 to 40 days 
afterinoculation. These dead micealways 
displayed a large number of parasites 
in the peritoneal cavities. In contrast, 
no fatal infections accompanied by such 
luxuriant growth of 7. vaginalis has 
ever been experienced in inoculated, 
untreated mice. Therefore, it can be 
said that the parasites observed in the 


infected mice are 7. vaginalis which 
have multiplied in the peritoneal cavi- 
ties, and not survivors of the inoculated 
ones. 

Further experiments disclosed that 
a single intraperitoneal inoculation with 
0.05 ml peritoneal fluid from these in- 
fected mice containing about 10,000,000 
parasites/ml caused death to untreated 
mice within 3 or 5 days, showing a 
mortality rate of 100%. In the same 
way, serial passages were successfully 
made through untreated mice, all of 
which resulted in fatal infection. More 
interesting was the fact that the passed 
parasites acquired the ability to grow 
even in the so-called F-bouillon medium 
routinely used for 7. foetus, but in which 
T. vaginalis did not usually grow. F- 
bouillon 
Meat 
Polypepton 


medium consists of: 


37.5¢ 
1.0¢g 
1.0g 

0.5¢ 

100.6 ml 
10.0% 


Glucose 

Sodium chloride 

Distilled water 

Rabbit or cow inactivated serum 


Similar experiments made by using the 
cultures derived from a single cell of 
T. vaginalis had always resulted in the 
same conclusion. 

It is well known that strains of T. 
vaginalis cannot be maintained through 
F-bouillon Therefore, these 
findings are very important, suggesting 
variation or mutation in T. vaginalis. 
This belief was supported further by 
experimental results recently achieved 
showing that the high pathogenicity of 
T. vaginalis acquired by mouse passage 


medium. 


was not easily lost by successive trans- 
fers through either V-bouillon or F- 
bouillon medium. These results will be 
published in the near future. Moreover, 
it is to be noted that the morphology of 
the passed parasites had assumed that 
of 7. foetus growing in the medium, 
namely, the passed T. vaginalis had 
changed to show three anterior flagella 
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instead of four, elongated undulating 
membrane, and a free posterior flagel- 
lum which had never been observed in 
the original 7. vaginalis. Comparative 
observations have been made on other 
organelles of these trichomonads accord- 
ing to Wenrich.5 

These data may be useful not only 


VAGINALIS 


for showing the pathogenicity of 7. 
vaginalis, but also for further studies in 
several fields of human trichomoniasis, 
particularly in both chemotherapeutic 
and genetic fields. 


5. Wenrich, D. H. 1944, Am. J. Trop. Med. 24: 
39. 
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R. BARCLAY MCGHEE 


From the Laboratories of The Rockefeller Institute for Medical Research, 
New York 21, New York 


Injection of washed erythrocytes of 
various mammalian species into the 
blood stream of chicken embryos under- 
going infection with the avian malaria 
parasite Plasmodium lophurae and the 
subsequent parasitization of certain of 
these introduced erythrocytes, has pro- 
vided a method for what might be 
termed an ‘‘in vitro’’ study of suscep- 
tibility and resistance of erythrocytes 
as such. Testing in this way red blood 
cells of 18 species of mammals, 2 species 
of reptiles and 1 species of amphibian 
showed that erythrocytes of the pig, 
rabbit, mouse, and perhaps of man were 
susceptible to infection, while no para- 
sites were seen in the red blood cells of 
other species of animals.' All animals, 
with the exception of the pig, which was 
half grown, were adults. 

The natural resistance of intact ani- 
mals to infection with P. lophurae is 
known to vary with the age of the host. 
Ducklings and young chicks and chick 
and duck embryos develop severe para- 
sitemias which may or may not be ter- 
minated by crisis in hatched animals, 
while in embryos of both species the 
numbers of parasites continue to in- 
crease until death of the host.? Adult 
chickens are relatively resistant to in- 
fections, as are certain adult ducks.* 
It has been shown that in naturally re- 
sistant adult ducks and in chickens, 
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the immune principle may be ascribed 
at least in part to humoral substances.‘ 

When injected into infected chicken 
embryos, adult mouse erythrocytes were 
susceptible to invasion by the plas- 
modia, but the intact animal was re- 
sistant to infection. The baby mouse 
was susceptible and infections have been 
initiated and established in this animal.® 
Since erythrocytes of the adult animal 
were subject to parasitization, it be- 
came obvious that substances other than 
the erythrocytes contributed greatly to 
the destruction of the plasmodia. It 
was originally thought that no differ- 
ences existed in susceptibility of eryth- 
rocytes of adult and infant animals, 
but in order to more accurately assay 
the effect of age on the susceptibility 
of the erythrocyte, washed blood cells 
from adult and infant rats, mice, man, 
sheep, and guinea pigs were injected 
into the blood stream of chicken em- 
bryos. These were then examined at 
intervals to determine by direct ob- 
servation whether or not the foreign 
red cells had become parasitized. 


MATERIALS AND METHODS 


The 12A strain of P. lophurae* which was main- 
tained in White Leghorn chicken embryos was 
used.? Adult and baby albino mice of the Swiss 
strain were secured from breeding stocks of the 
Rockefeller Institute. Mouse blood was obtained 


4. Trager, W. and McGhee, R. B. 1950, J. Exper. 
Med. 91: 365-379. 

5. McGhee, R. B. 1951, J. Infect. Dis. 88: 86-97. 

6. Coggeshall, L. T. 1938, Am. J. Hyg. 27: 615- 
618. 
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by pipetting from the pooled blood resulting from 
snipping the exposed brachial artery. Blood was 
secured from rats in the same manner, from a 
breeding stock of animals carefully selected for 
their freedom from various diseases.? Lamb and 
sheep bloods were obtained by bleeding from the 
jugular vein. Human cord blood was secured 
through the cooperation of Dr. William Givens 
of the New York Hospital. Fetal guinea pigs, 
delivered by Caesarian section, and adult guinea 
pigs were bled from the heart. The intravenous 
inoculation of baby rats and mice was made in 
the manner previously described.? 

Samples of blood were collected in 27 mg per- 
cent heparin in 0.85% sodium chloride solution at 
a proportion of 0.1 ml of heparin solution to 1 ml 
of blood. The blood was washed twice in several 
volumes of saline and resuspended in saline in 
amounts equal to the volume of the packed 
erythrocytes. One-tenth to 0.2 ml of this sus- 
pension was injected intravenously into chicken 
embryos which had received parasites of P. 
lophurae 2 or 3 days previously. Blood films were 
made just after injection and at intervals of 4 
and 24 hours following the introduction of the 
experimental cells. Blood films were stained with 
Giemsa stain, and sufficient numbers of parasites 
were counted to insure a probable error of not 
more than 15%. 


EXPERIMENTAL 


The susceptibility of baby rat erythro- 
cytes.—Two-tenths ml of washed eryth- 
rocytes from baby and adult rats, 
mice, man, sheep, and guinea pigs was 
injected intravenously into infected 
embryos. Careful examinations of blood 
films indicated that no infections oc- 
curred in erythrocytes of man, guinea 
pigs, and sheep, either at 4 or 24 hours 
following the introduction of the foreign 
cells. Parasites were seen in baby rat, 
baby mouse and adult mouse erythro- 
cytes but not in adult rat erythrocytes. 
The numbers of parasites in relation to 
10,000 mammalian erythrocytes were 
determined at 4 and 24 hours and the 
mean counts calculated. Nearly twice 
as many parasites were found in baby 
rat erythrocytes as in baby mouse eryth- 


7. Nelson, J. B. 1951, J. Exper. Med. 94: 377- 
386. 


rocytes. After 24 hours there was a 
mean count of 1000 parasites per 10,000 
baby rat erythrocytes as compared with 
240 parasites per 10,000 baby mouse 
erythrocytes. There also seemed to be 
an enhanced susceptibility in baby 
mouse erythrocytes over adult mouse 
erythrocytes, particularly in regard to 
the 24-hour counts. At this time the 
infection in baby mouse cells was 6 
times that of adult cells (table 1). 


TABLE 1.—The infection of the erythrocytes of adult 
and baby rats and mice with P. lophurae. 


Parasites per 10,000 erythrocytes of: 
Time — ——__—_—_——— . 
after Baby 
injection —_—_—_—— 
Rats Mice 


Adult 


Rats 
50 0 
240 0 


In order to determine at what age the 
susceptibility of rat erythrocytes was 
supplanted by complete resistance, pools 
of washed blood from rats and mice 
ranging in age from less than 1 day to 
adulthood were injected into infected 
embryos. Parasites were counted at 4 
and, whenever possible, at 24 hours. 
Certain suspensions of erythrocytes 
were apparently toxic, with the result 
that many embryos were dead at 4 hours 
and all at 24 hours. Previous experi- 
ments® had indicated that there was 
no difference in the susceptibility of 
erythrocytes from baby and adult 
mice, but preliminary experiments in 
this study showed a decided differ- 
ence in susceptibility. It seemed from 
this that certain factors were uncon- 
trolled in the two experiments; there- 
fore, attempts were made to recognize 
and account for as many variables as 
possible. Chief among these variables 
would be the numbers of parasites avail- 
able for penetration, i.e., merozoites. 
Others would be the number of foreign 
erythrocytes present and the numbers of 
infected chicken erythrocytes. To com- 
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TABLE 2.—The comparative susceptibility of the erythrocytes of rats of various ages. 


Time, in hours, after foreign cell introduction 





Age, in F 
days, of 0 


4 24 





— Parasites per § Merozoites 
—- 10,000 chick per 10,000 
erythrocytes chick cells 


Number rat 
cells per 10,000 
total cells 


Parasites per 
10,000 rat 
erythrocytes 


Parasites per 
10,000 rat 
erythrocytes 


Percent mero- 
zoites in rat 
erythrocytes 





1125 
1973 
1000 
2700 
2500 
1800 


pensate for these variables, blood films 
were made just after the injection of 
cells, and only those embryos which had 
comparable parasitemias, percentages 
of foreign cells to total cells, and num- 
bers of available merozoites (determined 
by multiplying by 15 the numbers of 
parasites with more than 4 nuclei) 
were used. No less than 6 embryos were 
used for each pool of blood (table 2). 
The percentages of rat erythrocytes 
varied but little in different experi- 
ments. After 4 hours the percentages 
of available merozoites entering rat 
erythrocytes were calculated and the 
mean counts of 6 embryos taken as the 
final criterion of merozoite penetration. 
Only actual counts were made at 24 
hours. 

The results indicated a decided de- 
crease in the percentage of merozoites 
entering rat erythrocytes after 7 days 
of age, followed by a more gradual de- 
cline, until at 40 days only 2 infected 
rat cells were seen. In general the counts 
of parasites agreed with the percent 
merozoite invasion both at 4 and 24 
hours. 

For comparison, washed erythrocytes 


from less than 1-day-old, 21-day-old, 
and adult mice were injected into 3 
groups of embryos (table 3). After 
4 hours the infections of erythrocytes 
from 1-day-old mice and adult mice 
were rather similar, while the number of 
parasites in cells from 21-day-old mice 
was less than either adult or very young 
mice. When the percentage of mero- 
zoites was taken into account, however, 
the figures for 21-day-old mice were 
somewhat higher than those of adult 
mice. At 24 hours the infection in baby 
mice was nearly double that of adult 
mice and 3 times that of the 21-day 
erythrocytes. Again the actual count of 
parasites would indicate that erythro- 
cytes from an adult animal were more 
susceptible than those of weanlings. 
It was obvious, therefore, that the in- 
fection of the embryo played an im- 
portant part in the infection of erythro- 
cytes at 4 and 24 hours and that the 
calculation of the disposition of mero- 
zoites was probably the most accurate 
measurement of susceptibility. 

The infection of baby rats.—To test 
further the susceptibility of rat erythro- 
cytes, baby rats were given large doses 


TABLE 3.—The infection of erythrocytes of baby, weanling, and adult mice. 


Time, in hours, after foreign cell introduction 


Age of 0 
donor — — 
animal 


10,000 chick 
erythrocytes 


erythrocytes 

<1 day 

21 days 
Adult 


2980 
5000 


Parasites per Merozoites per Number of mouse 
10,000 chick cells per 10,000 
total cells 


4 24 
Percent mero- Parasites 

zoites in mouse per 10,000 
erythrocytes mouse cells 


Parasites 
per 10,000 
mouse cells 


0.80 50 240 
0.43 9 39 
0.35 35 6S 
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of infected embryo blood. The erythro- 
cytes in the intact animal were quite 
susceptible, as indicated by the greater 
severity of infection in the baby rat 
than in the baby mouse (fig. 1). Cer- 
tain infections reached peaks of 1250 


40 


7 


infection was dependent more on the 
susceptibility of the animal than on the 
parasites originally present. 
Morphology.—In general, P. lophurae 
in the cells of the baby rat was mor- 
phologically similar to the same para- 
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Days after inoculation 


Fic. 1. 
parasites per 10,000 erythrocytes as 
compared with 280 parasites per 10,000 
erythrocytes in the mouse. Peaks were 
attained on the third or fourth day and 
were followed by a sharp decline in the 
number of parasites. Infected erythro- 
cytes were found as late as 13 days 
following inoculation. The numbers of 
infected chick embryo cells to total 
cells was greater in the 2 mice injected 
than in the rats, indicating that the 


The course of infection of P. lophurae in baby rats and mice. 


site in the mouse erythrocyte.? There 
were no ring forms as are seen in most 
mammalian but rather the 
forms typical for avian malaria (fig. 
2A and B). The nucleus in asexual 
forms was compact and stained a rather 
bright pink in Giemsa stain. Pigment 
was golden brown, small and generally 
situated away from the nucleus. Clump- 
ing of pigment occasionally occurred 
upon the completion of 3, but 


malarias, 


more 
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commonly after 4 or 5 nuclear divisions. 
Banding was common and was seen in 
parasites with as many as 3 nuclei 
(fig. 2C). The majority’ of developing 
trophozoites were, however, roughly 
rounded, and located somewhere near 
the center of the erythrocyte (fig. 2C, 
D, E, F). Doubly infected erythrocytes 
were seen frequently—a condition rare 


wr 


Fic. 2. 


in comparable infections in mice. From 
9 to 12 merozoities were produced, at 
which stage of development the schizont 
occupied approximately three-fiftis of 
the cell area (fig. 2G and H). On the 
eighth day following the introduction 
of the parasites, several macrogameto- 
cytes and a single microgametocyte were 
observed in 4 infected rats. Both sexual 
forms occupied almost the entire cell 
area and were characterized by the dis- 
crete, golden yellow pigment granules 
dispersed through the cytoplasm. The 
nucleus and cytoplasm of the micro- 
gametocyte were paler stained and the 
nucleus was more diffuse than that of 


the macrogametocyte. The sexual forms 
were quite reminiscent of similar stages 
of Plasmodium vivax. 

Throughout the infection there were 
a number of degenerate parasites, 
especially late trophozoites and mature 
schizonts. A few parasites were found in 
erythrocytes with basophilic cytoplasm 
but infection was generally confined to 


: @., 06 


Cc 


Photomicrographs of P. lophurae in infant rat erythrocytes. A-B. Young trophozoites. 
C. Band form in stippled erythrocyte. D-F. Older trophozoites. G-H. Segmenting parasites. < 1500. 
Photographs by Mr. J. A. Carlile. 


orthochromic erythrocytes. Through- 
out the infection, circulating normo- 
biasts were present, but no parasites 


were observed in these cells. 
DISCUSSION 


The 


clearly 


results of these experiments 
indicate that the erythrocytes 
of the rat, and to a lesser extent those 
of the mouse, vary in susceptibilitygin 
relation to the age of the animal, in- 
dicating some change in the composition 
of the erythrocyte. That the chemical 
composition of the erythrocyte varies 
with the age of the animal has been 
demonstrated by several investigators. 
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Kay*® and Rapaport and Guest® an- 
alyzed the phosphorus content of de- 
veloping rat erythrocytes and reported 
a decrease in the quantity of organic 
acid-soluble phosphorus, principally ac- 
counted for in the phosphoglycerate 
fraction. A change in_ phosphorus, 
sodium and potassium concentration 
was likewise ;noted in lambs and 
calves.'®:"! There is also a change in the 
hemoglobin of fetal and adult man.” 
In sheep, the change from fetal to adult 
hemoglobin is instituted in the fetus 
and completed during the first month 
of postnatal life.’ Just which, if any, of 
these changes are of primary impor- 
tance in the susceptibility of the rat 
and mouse erythrocyte is difficult to 
determine at present. 

In a previous publication it was stated 
that no differences existed in the sus- 
ceptibility of adult and baby mouse 
erythrocytes. The conclusion was 
reached by merely counting the num- 
bers of parasites in mouse erythrocytes 
in the infected embryo blood stream 
without taking into consideration such 
variables as the infection of embryo 
cells or the number of introduced mouse 
erythrocytes. The number of red blood 
cells per cmm in the baby mouse is 
approximately 4 million, while in the 
adult mouse it is 9 to 10 million. In 
earlier experiments, the blood, follow- 
ing washing, was reconstituted to its 
original volume and as a resuit the 

. Kay, H. 1 

. Rapap 

Cher. 126 9-761. 

. Green, (1. and Macaskall, E. H. 1928, J. 

Agric. Sc. 18: 384-390. 

. Malan, A. I. 1928, J. Agric. Sc. 18: 397-400. 

. Kérber, E. 1886, Inaug. Dissertation, Dorpat 

(as quoted in Hemoglobin, 1949, New York, 

Interscience Publishers, Inc.) 

3. Karvonen, M. J. 1949, Hemoglobin, New 

York, Interscience Publishers, Inc., pp. 279- 

287. 


942, J. Biol. Chem. 99: 85-94, 
id Guest, G. M. 1938, J. Biol. 


number of baby mouse erythrocytes 
injected into the embryo was far less 
than in similar injections of blood cell 
suspensions from adult mice. In these 
experiments, the hematocrit was taken 
into account, adjusted, and the result- 
ant percentages of erythrocytes more 
nearly equalized (table 1). 

The greater parasitemia in the baby 
rat is further indication of the greater 
susceptibility of its erythrocytes, al- 
though any study made of infections in 
intact animals is complicated by the 
presence in the animals of additional 
factors acting for or against parasite 
survival. The rapid diminution of para- 
site numbers after the third or fourth 
day again reflects the lessened cell 
susceptibility. 

The presence of both macro- and 
microgametocytes after 8 days in the 
intact animal further suggests the 
greater suitability of the baby rat cells 
for the growth and development of P. 
lophurae. Whether sexual stages would 
appear after continued passage in the 
rat is impossible to predict, but it should 
be noted that no positive identification 
of gametocytes was made in early pas- 
sages of P. lophurae in the mouse.® 


SUMMARY 


The erythrocytes of the baby rat and 
to a lesser extent those of the baby mouse 
were more susceptible to infection with 
Plasmodium lophurae than those of the 
adult, while the age of the donor animal 
of other mammalian species tested did 
not influence the susceptibility of the 
erythrocytes. The introduction of chick- 
en embryo blood containing P. lo- 
phurae into baby rats produced much 
more severe infections than compar- 
able injection in baby mice. Both micro- 
and macrogametocytes were detected 
in the circulating blood stream of the 
infected rat. 





THE EFFECT OF SODIUM COPPER CHLOROPHYLLIN ON 
GROWTH AND ACID PRODUCTION OF 
SOME ORAL BACTERIA 


STEWART A. KOSER AND ELEANOR A. HODGES 


From the Walter G. Zoller Memorial Dental Clinic and the Department of Bacteriology and 
Parasitology, The University of Chicago, Chicago 37, Illinois 


The water-soluble derivatives of 
chlorophyll, especially sodium copper 
chlorophyllin, have been the center of 
some interest as the result of an in- 
creasing number of reports concerning 
their properties. Following the earlier 
work of Burgi,’ a number of others?-? 
reported favorably on the tissue-stimu- 
lating and wound-healing properties 
of water-soluble chlorophyll deriva- 
tives, though in one instance® little 
evidence of a clear-cut beneficial re- 
sult was obtained. It has been suggested 
that the reported beneficial effect is 
exerted through stimulation of the 


cells of the host, such as recorded by 


Smith and Sano® on the growth of 
fibroblasts in tissue culture, rather than 
being due primarily to a_ bactericidal 
or bacteriostatic effect. 

A few reports of the latter effect in- 
dicate that water-soluble chlorophyll 
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when added to culture mediums in 
sufficient concentration either delays 
or prevents growth, though the results 
have not been entirely in agreement and 
the studies have differed in technique 
and details of experimental method. 
Smith® noted a definite bacteriostatic 
effect with organisms representative of 
several different bacterial groups: growth 
of Staphylococcus aureus was inhibited 
by a 1:80 dilution but not by 1:160; 
several hemolytic streptococci were 
inhibited by dilutions of 1:640 to 
1:1600; Streptococcus agalactiae was 
inhibited at 1:200, Escherichia coli and 
Pseudomonas pyocyaneus at 1:50, and 
Clostridium perfringens and Clostridium 
histolyticum at 1:1600. When a reducing 
agent such as cysteine or thioglycollate 
was used in the medium, the inhibiting 
effect of chlorophyllin was markedly 
lessened. At times, a bactericidal effect 
was also observed; a hemolytic strepto- 
coccus was apparently killed on expo- 
sure to a 1:640 dilution of water-soluble 
chlorophyllin in culture medium, but 
a strain of Staph. aureus was not killed 
by 24 hours exposure to a 1:20 dilution. 
Nevin and Bibby'® found that water- 
soluble chlorophyll exerted a bacterio- 
static effect on the growth of lactobacilli, 
streptococci, and micrococci. Inhibition 
of respiration of the organisms was 
roughly proportional to the concentra- 
tion of chlorophyllin, but glycolytic 
activity of the cells was stimulated 


9. Smith, L. W. 1944, Am. J. Med. Sc. 207: 647- 
654. 

10. Nevin, T. A. and Bibby, B. G. 1951, J. 
Dental Res. 30: 469 (abstract). 
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under certain conditions. McBride™ 
studied the effect of a number of por- 
phyrins. Inhibition of acid production 
by the chlorophyllins was not specific 
for any one compound, but was rather 
a general property of several of them for 
certain organisms; acid production by 
Lactobacillus casei, Lactobacillus del- 
brueckii, and a group F streptococcus 
was inhibited, while that of Lactobacillus 
arabinosus, Lactobacillus leichmannii, 
and Leuconostoc mesenteroides was stimu- 
lated under certain conditions. In stud- 
ies of the oral flora Rapp and Grif- 
fiths’? reported that water-soluble chlo- 
rophyll reduced the number of oral lacto- 
bacilli as well as the total number of 
microorganisms in the oral flora, but 
Shafer and Hein,” in work with ham- 
sters, reported that lactobacillus counts 
showed no significant changes following 
administration of 0.2% sodium copper 
chlorophyllin in the diet or drinking wa- 
ter. In the case* of pooled salivas with 
added carbohydrate, 0.1 or 0.2% so- 
dium copper chlorophyllin was suffi- 
cient to inhibit acid production for at 
least 6 hours, while 0.25% caused in- 
hibition for 24 hours. 

The present report is concerned with 
the effect of sodium copper chlorophyl- 
lin on growth and acid production of a 
number of bacteria, especially oral 
organisms, when the compound was 
added in varying amounts to culture 
mediums. 


METHODS 


Chlorophyllin.—The material used for the tests 


11. McBride, W. D. 1951, J. Dental Res. 30: 
469 (abstract). 

12. Rapp, G. W. 1949, Internat. Assoc. Dental 
Res., 27th general meeting, Chicago; Griffiths, 
B. and Rapp, G. W. 1950, J. Dental Res. 29: 
690 (abstract). 

3. Shafer, W. G. and Hein, J. W. 1950, J. 
Dental Res. 29: 666 (abstract). 

. Shafer, W. G. and Hein, J. W. 1949, Internat. 

Assoc. Dental Res., 27th general meeting, 
Chicago. 


was water-soluble sodium copper chlorophyllin.* 
Three different samples were available. Most of 
the tests were performed with a sample desig- 
nated lot 2, which was available to us in an 
amount sufficient for many tests. The third 
sample, lot 3, was received during the latter part 
of the work and was used for some comparative 
tests. Lots 2 and 3 were labelled “77.5%” and 
“101.1%” concentration, respectively; no in- 
formation was available on the percent con- 
centration of lot 1. These figures refer to light 
absorption in the spectrophotometer at a certain 
wave length in relation to an arbitrary standard 
which is referred to as 100%. The product is not 
specifically characterized in the sense of being a 
specific chemical compound. 

For most of the tests a solution of sodium 
copper chlorophyllin was made in distilled water 
and autoclaved at 15 pounds pressure for 15 
minutes. Appropriate dilutions were then made 
and added to the previously autoclaved medium 
to give the desired final concentrations. A com- 
parison of effectiveness of autoclaved and filtered 
chlorophyllin was also made. Sterilization was 
accomplished by passing solutions of the chloro- 
phyllin through fritted glass filters. Filtration 
was slow, but enough sterile solution could be 
obtained for the tests. The filtered solution was 
then added to the medium as before. In a few 
cases the chlorophyllin was not sterilized; this 
procedure was employed only when larger num- 
bers of cells for inoculation and a short interval 
of incubation were used, or with agar mediums 
where contaminants could be recognized readily 
in contrast to the usual colonies of the test or- 
ganisms. The chlorophyllin solutions for use in 
culture mediums were prepared in small quan- 
tities as needed and kept in the refrigerator. The 
solutions were not held for long periods. 

Mediums.—The trypticase sugar medium used 
in many of the tests was a slight modification of 
that of McLaughlin,” with the gelatin omitted. 
It contained 2.0% trypticase B.B.L., 0.5% each 
of glucose, lactose, and sucrose, and 0.5% yeast 
extract. It was adjusted to pH 6.0 for certain 
experiments and to pH 6.8 at other times. When 


* The term chlorophyllin, as used in this re- 
port, refers to this water-soluble copper deriva- 
tive. The writers are indebted to Dr. Roy Doty 
of the Chemical Laboratory of the American 
Dental Association, Chicago, for the chloro- 
phyllin samples, which originally had been ob- 
tained from the Rystan Company, Mount Ver- 
non, New York, and for information about the 
samples. 

15. McLaughlin, C. B. 1946, J. Bact. 51: 560- 
561. 
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used as a solid medium 2.0% agar was added. In 
some experiments this medium was modified by 
using 1.0% glucose and omitting the lactose and 
sucrose. 

The tomato juice yeast extract medium con- 
sisted of 5 g of Bacto peptone, 10 g Difco pep- 
tonized milk, 5 g yeast extract, 400 ml of filtered 
tomato juice, and 600 ml of distilled water. It 
was adjusted to pH 6.0 for cultivation of lacto- 
bacilli. 

Liquid mediums were tubed in 4.5- or 9.0-ml 
amounts, The sterilized and diluted chlorophyl- 
lin solution was added, and the volume made up 
to 5 or 10 ml with sterile distilled water if neces- 
sary. In some cases double strength medium was 
used and diluted with the chlorophyllin solution 
or sterile distilled water to give the usual con- 
centrations of ingredients. Solid mediums were 
prepared in small flasks or large tubes, liquefied 
in hot water, partially cooled, and the chloro- 
phyllin solution added in varying amounts to the 
different flasks to give the concentrations desired. 
The medium was poured into petri dishes, al- 
lowed to harden, and inoculated. Such agar 
plates were usually divided into quarters and 4 
organism were tested on each plate. 

Inoculation.—Cultures for inoculation were 
grown routinely in either the trypticase medium 
or the tomato juice yeast extract medium for 24 
or occasionally for 48 hours. Where liquid chloro- 
phyllin-containing medium was employed for the 
tests, each tube received 0.1 ml of a 1 in 10 dilu- 
tion of the culture. When solid medium was used 
a loop of the 1 in 10 dilution was spread as 
evenly as possible over the surface. All cultures 
were incubated at 37 C. The lactobacilli and the 
Streptococcus salivarius strains used for the tests 
were all of oral origin. The other streptococci and 
staphylococci were mostly laboratory stock cul- 
tures. The source of several other groups of 
“microorganisms used in some aspects of the work 
is commented upon later. 

Estimation of growth in the presence of chloro- 
phyllin.—Measurement of growth by turbidity 
in a liquid medium was found to be unsatisfac- 
tory because of the deep green color imparted to 
the medium by the chlorophyllin. Recourse to 
some other method was necessary and measure- 
ment of the hydrogen ion concentration of cul- 
tures was adopted. Ina liquid medium containing 
a constant amount of glucose and with uniform 
conditions of cultivation, each of the organisms 
attained a pH value which was quite similar in 
repeated tests; failure to attain as acid a pH 
value in the presence of inhibitive agents could 
readily be detected. It was considered, however, 
that the presence of chlorophyllin might possibly 
influence the result. To see whether increasing 


quantities of acid would cause comparable de- 
creases in pH value in the culture medium plus 
chlorophyllin, varying quantities of lactic acid 
were added and the pH determined. It was found 
that the presence of chlorophyllin did not mask 
to any appreciable extent the drop in pH caused 
by addition of acid. Thus, a quantity of lactic 
acid sufficient to change the pH of the medium 
without chlorophyllin from 6.58 to 4.13, caused 
a drop to pH 4.18 in the presence of 0.2% chloro- 
phyllin, and to pH 4.23 in 1.0% chlorophyllin in 
the medium. The pH measurement seemed 
reasonably satisfactory for our purpose. As an 
additional check on the extent of cell multiplica- 
tion, agar plates were streaked in many instances 
just before pH determinations were made. The 
relative number of colonies which developed 
served as a rough guide to indicate whether 
growth had occurred and the extent of growth in 
the presence of chlorophyllin. At times this pro- 
cedure was supplemented more precisely by 
actual plate counts of cultures grown in liquid 
mediums containing varying amounts of chloro- 
phyllin. 

pH determinations.—Measurements of the 
hydrogen ion concentration were made with a 
Leeds and Northrup potentiometer. Readings 
were made to the nearest hundredth, but are 
given in the tables, in most cases, only to the 
nearest tenth. In many of the tests cultures were 
incubated at 37 C for 48 hours before pH deter- 
minations were made. This period was chosen 
arbitrarily for the first experiments to get some 
idea of the effect of the compound. Later, shorter 
or longer intervals were used to detect either 
slight delays in initiation of growth or slow 
growth after 48 hours. 


RESULTS 


Table 1 shows the effect on oral 
lactobacilli of one of the samples of 
chlorophyllin. Because addition of the 
chlorophyllin, particularly in higher 
concentrations, changed the pH of the 
medium, it is necessary to compare 
the pH value attained by the lactobacilli 
with that of the uninoculated medium 
containing the same concentration of 
the compound. The latter value is 
shown at the top of each column. The 
figure in the left hand column shows the 
pH value attained by each organism in 
the absence of chlorophyllin. The 0.2% 
concentration caused little or no diminu- 
tion in acid production by the lacto- 
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bacilli after 48 hours incubation. With 
0.5% chlorophyllin the pH values often 
were not quite as low as those in the 
control tubes without chlorophyllin. 
In the presence of 1.0%, a definite in- 
hibitive effect is evident and in a few 
instances (as cultures 45, 41, and 1004) 
the inhibition appears to be complete, 
for the pH of the cultures is not lower 
than that of the uninoculated medium 
containing the same amount of chloro- 
phyllin. With 2.0% chlorophyllin there 
was never any evidence of acid produc- 
tion in the 48-hour interval used in 
these tests. That the inhibition was not 
due simply to the slightly alkaline pH 
of the medium caused by addition of 
chlorophyllin was shown by separate 
experiments, not given in detail, in 
which the medium without chlorophyl- 
lin was adjusted to an equivalent pH 
and inoculated in a similar manner; 
good growth and acid production of all 
these cultures appeared within 24 hours. 

To compare in a general way the 
growth of the organisms with the change 
in the pH value, agar plates of trypti- 
case sugar medium were streaked with 
a loopful of each culture just before pH 
readings were made. From those tubes 
which showed a definite drop in pH 
value, even though the drop was not 
as great as that of the controls without 
chlorophyllin, innumerable — colonies 
(+++ or ++++) always developed 
on the agar plates. For example, such 
a result was obtained in the 1.0% con- 
centration of chlorophyllin (table 1) 
with cultures 1006, 1009, and 1002, as 
well as with such cultures as 3 and 46. 
Cultures which showed only a slight 
drop in pH, such as 1010 and 1008, 
usually showed many colonies on the 
agar plates. In contrast, agar plates 
prepared from chlorophyllin-containing 
tubes which showed no decrease in 
pH at the end of 48 hours in general 
contained fewer colonies (+ to ++), 
though the results were somewhat vari- 


TABLE 1.—Effect of sodium copper chlorophyllin 
on acid production of some oral lactobacilli. 


pH determinations made after 48 hours at 
37 C in trypticase triple sugar 
liquid medium 


Chliorophyllin lot 2 
percent concentration in medium 
0 0.2 1.0 
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Sterile medium 6. 
Lactobacillus 
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* Lactobacilli listed below the horizontal line are the 
heterofermentative type; those above the line are homo- 
fermentative. 
able. Evidently in some cases the cells 
used for inoculation had survived or 
perhaps had multiplied to some ex- 
tent, though no drop in pH was ap- 
parent. Agar plates streaked 
the 2.0% chlorophyllin tubes 
showed small numbers of colonies, 
indicating survival of the lactobacilli. 

Repetitions of the experiment sum- 
marized in table 1 yielded essentially 
the same over-all result, the only differ- 
ence being the amount of acid produced 
by some of the individual cultures, 
particularly in the critical 1.0% con- 
centration. Here, some cultures which 
failed to produce acid at one time 
showed evidence of limited growth and 
acid production in another test. 

Tests were made also with the same 
concentrations of chlorophyllin in an- 
other liquid medium, tomato juice 
yeast extract broth (TJY). Concentra- 
tions of 0.5 and 1.0% chlorophyllin 
caused perhaps slightly less inhibiting 
effect in this medium than in the tryp- 
ticase medium, but the general picture 
was not greatly different. In TJY medi- 
um the homofermentative type attained 
lower pH values (3.7 to 3.9) in the con- 
trol tubes and in the lower concentra- 
tions of chlorophyllin than in those 


from 
often 
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TABLE 2.—Effect of sodium copper chlorophyllin 
on acid production of some cocct 
and filamentous forms, 


pH determinations after 48 hours 
at 37 C in trypticase triple 
sugar liquid medium 
Chiorophy!lin lot 2, percent 
0 0 0.2 0.5 1.0 
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lots of the trypticase medium which 
contained only 0.5% glucose. 

The effect of different concentrations 
of chlorophyllin on growth and acid 
production of some streptococci and 
other bacteria is shown in table 2. 
Acid production of Streptococcus saiivar- 
ius was decreased somewhat in the pres- 
ence of the lower concentrations of 
chlorophyllin, more noticeably in 0.5%, 
and almost completely in 1.0%. The 
cultures of Streptococcus faecalis and 
Streptococcus liquefaciens were less in- 
hibited than S. salivarius. The one 
strain of Streptococcus pyogenes, which 
did not grow as luxuriantly as the other 
cocci in the medium without chloro- 
phyllin, was inhibited by comparatively 
low concentrations. Several cultures of 
staphylococci were not completely in- 
hibited by 1.0% chlorophyllin. The 
three cultures designated ‘‘filamentous” 


were from the collection of cultures de- 
scribed by Hurst and associates,'* who 
stressed the pleomorphic character of 
these organisms. Originally they ap- 
peared as filamentous fornis intimately 
associated with coccoidal and other mor- 
phological types. Their weak acid-pro- 
ducing properties, as shown in the con- 
trol tubes without chlorophyllin, did 
not permit of a broad zone for ob- 
servation of change, but they are evi- 
dently more sensitive to the effect of 
chlorophyllin than most of the other 
cultures. This was confirmed by the 
use of solid medium, as described later. 

For all organisms shown in table 2, 
plates of trypticase agar were streaked 
from the 48-hour cultures. In those 
cases where a definite drop in pH, even 
though small, was found in the chloro- 
phyllin-containing tubes, innumerable 
colonies usually developed on the agar 
plates. Where no change in pH was ob- 
served fewer colonies, ranging from none 
to several hundred (++), were en- 
countered, 

The effects of autoclaved and filtered 
sodium copper chlorophyllin were com- 
pared. If autoclaving lowers or destroys 
inhibitive properties of the chloro- 
phyllin, the medium containing the 
autoclaved sample presumably would 
permit speedier growth and acid pro- 
duction from glucose than the filtered 
sample in the presence of certain con- 
centrations of chlorophyllin. The re- 
sults with several cultures subjected to 
autoclaved and filtered portions of the 
same chlorophyllin sample (lot 2) are 
given in table 3. There was no real dif- 
ference in the speed of acid production 
by the organisms. Occasional small dif- 
ferences at the 18-hour or 42-hour in- 
terval can be seen, but the several in- 


16. Hurst, V., Frisbie, H. E., Nuckolls, J. and 
Marshall, M. 1948, Science, 107: 42-44; 
Hurst, V. 1950, J. Dental Res. 29: 571-582. 
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stances where the pH value is slightly 
lower in the case of the autoclaved 
sample are balanced by others where the 
reverse is true. Similar results were 
secured with other cultures which have 
not been included in the table. No no- 
table difference in the effect of auto- 
claved and filtered sodium copper 
chlorophyllin was detected. Our results 
are somewhat at variance with those of 
McBride,"' who found that autoclaving 
of chlorophyllin for 15 minutes de- 
creased its inhibitory effect for L. casei. 
The results in table 3 also serve to 
show a retarding effect on initiation of 
growth which is not evident at 48 hours. 
For example, at 18 hours in the 1.0% 
concentration there is usually little 
change in pH, although later the pH 
of these tubes drops appreciably and 
may approach that of the controls. 
Counts made by plating at intervals 
from chlorophyllin-containing medium 
are given in table 4. A noteworthy 
feature is the delayed multiplication of 
lactobacilli in the presence of 2.0% 
chlorophyllin. After an initial decrease 
in numbers of cells for the first 48 to 72 


Percent concentration of chlorophyllin (lot 2) in 


Incubation 


Organism at 37C 


15 


TABLE 3.—Comparative effect of autoclaved 
and filtered chlorophyllin. 


pH determinations at different 
intervals; hours of 37 C 
incubation 
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Trypticase——1.0% glucose broth was used as the culture 
medium. Each tube was inoculated with 0.01 ml of 24-hr. 
culture grown in the same medium. 

A=chlorophyllin solution autoclaved separately for 15 
min. at 15 Ib. pressure and then added to the culture 
medium to give the concentration indicated. 

F filtered through fritted glass filters. 


hours, a slow increase occurred and re- 
sulted eventually in quite substantial 


TABLE 4.—Cell counts in the presence of different concentrations of chlorophyllin. 


trypticase triple sugar broth 





Lactobacillus 1009 





0 hours 
24 hours 
48 hours 
72 hours 

5 days 

7 days 
11 days 
Lactobacillus 46 0 hours 
22 hours 
45 hours 
70 hours 

7 days 
10 days 


0 hours 
24 hours 
46 hours 
72 hours 

7 days 
10 days 


Str. salivarius 11 


0 hours 
24 hours 
48 hours 
72 hours 

7 days 
10 days 


Str. liquefaciens W 
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300, 


380,000 ' 000 
73000000 
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* Counts are expressed as numbers per ml of medium. For plating, the same medium plus 2.0% agar was used. 





16 STEWART A. KosSER AND ELEANOR A. HODGES 


numbers. In ten separate experiments 
involving four different strains of oral 
lactobacilli this slow multiplication in 
the presence of 2.0% chlorophyllin (lot 
2) occurred in eight instances. Those 
shown in the table are representative 
of the others. In the two cases where 
delayed growth did not appear, living 
cells in small numbers were detected 
after 7 and 10 days. The tests were not 
carried beyond this point. Delayed 
TABLE 5.—Effect of chlorophyllin on growth of oral 
lactobacilli and Str. salivarius 
on a solid medium. 


Trypticase triple sugar agar plus 
varying amounts of chloro- 
phyllin (lot 1); 48 hours 
Organisms at 37C 
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All agar plates were inoculated by streaking with a loop- 
ful of diluted 24-hour culture grown either in TJY liquid 
medium (the lactobacilli) or in trypticase triple sugar liquid 
medium (the streptococci). 

* Numerals represent numbers and relative size of colonies 
on the agar medium: 4=++++ or maximum growth 
grading down to 1 = + or just visible growth. Examination 
of the plates was made with a hand iens or low power 
binocular microscope. 
growth was never cbserved with any 
of the streptococci, including four addi- 
tional cultures not shown in the table. 
Whether the delayed growth of the 
lactobacilli might be attributed to 
deterioration of the chlorophyllin on 
standing in the culture medium for 
several days at 37 C is not known. 
With the other concentrations of chloro- 
phyllin growth occurred more regularly. 
In the control tubes without chlorophyl- 
lin the initial rapid multiplication within 
the first 24 hours was often followed by 
a speedy deciine in numbers. In the 
presence of 0.5% chlorophyllin the 
largest numbers of cells were reached 
usually within 24 hours, though the 


total number did not reach the level of 
those in the control tubes. In 1.0% 
chlorophyllin multiplication was slower 
and the total number attained was 
usually lower than in 0.5%. In the case 
of the lactobacilli this number of cells 
is sufficient to produce an appreciable 
drop in the pH of the medium, but the 
numbers of Str. salivarius in 1.0% 
chlorophyllin are so small that only a 
slight drop in pH could be expected. 

On using samples of chlorophyllin 
other than lot 2 it became apparent 
that the samples differed somewhat in 
potency. To compare their effect more 
closely they were used in comparable 
concentrations in the usual culture 
mediums and the tubes inoculated with 
either lactobacilli or Str. salivarius. The 
decrease in pH produced by the or- 
ganisms in each group was averaged and 
the results are shown in figure 1, in 
which the three lots of chlorophyllin 
are arranged in order of increasing effec- 
tiveness. Lot 3 chlorophyllin, which was 
secured in the latter part of the investi- 
gation, was the most effective; 0.5% in 
tomato juice yeast extract medium in- 
hibited all lactobacilli for the 48-hour 
period. Lot 1 in the same amount per- 
mitted slight acid production, and in 
the case of lot 2 1.0% did not completely 
inhibit. The same general relationship 
is seen in the comparative results with 
Str. salivarius in the lower half of the 
figure. Lot 3 chiorophyllin also exerted 
a greater inhibitive effect than lot 2 
against the three staphylococci pre- 
viously shown in table 2: in 0.2% of lot 
3 chlorophyllin there was only a slight 
drop in pH to 6.3 or 6.4; in 0.5% no 
change was apparent. 

Agar mediums.—Additional experi- 
ments were performed with chloro- 
phyllin incorporated in agar mediums. 
Table 5 presents results with several 
oral lactobacilli and Str. salivarius and 
is representative of similar findings 
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obtained with additional cultures of 
these organisms. Growth of lactobacilli 
was not completely inhibited in the 
presence of 1.0% of lot 1 chlorophyllin. 
Growth of Sir. salivarius was only 
slightly retarded by 0.5%, but more 
markedly retarded by 1.0% chlorophyl- 
lin. In some cases incubation of the 
plates beyond the usual 48-hour period 
permitted further slight increase in 
colony size or the appearance of addi- 
tional small colonies on 1.0% chloro- 
phyllin agar, though this was not uni- 
formly the case. Comparison of these 
results with those secured in liquid 
mediums brings out certain differences: 
for example, 0.5% of lot 1 chlorophyllin 
in solid medium was notably less effec- 
tive in restraining growth of lactobacilli 
than in the liquid medium (see fig. 1); 
again, 1.0% of lot 1 did not completely 
inhibit growth on agar plates but pre- 
vented any pH change in liquid medium, 
Usually the inhibiting effect seemed less 
evident on solid medium. Possibly such 
a difference may be more apparent than 
real, but it is not unexpected to find 
some quantitative difference in effect 
when comparing results in solid and 
liquid mediums. 

Stimulative effect.—Small amounts of 
chlorophyllin often seemed to stimulate 
growth somewhat. This was seen on 
agar plates containing low concentra- 
tions of from 0.005 to 0.05%. Colonies 
which developed under such conditions 
were often a little larger than those ap- 
pearing on the control plates without 
chlorophyllin. This is at best only a 
rough means of comparison, but the ef- 
fect was frequently observed. 

Effect of chlorophyllin on other organ- 
isms.—Some microorganisms showed 
marked differences from the strepto- 
cocci and lactobacilli in their resistance. 
The pleomorphic filamentous forms 
were more sensitive. This was indicated 
with liquid mediums in table 2, and is 


TABLE 6.—Effect of chlorophyllin on growth of 
pleomor phic filamentous forms and 
yeasts from oral cavity. 


Numbers and size of colonies on 
Incuba- trypticase sugar agar, plus 
tion at 2 Rp: eames Py - 
37C Chlorophyllin (lot 2), percent 
0 0.005 0.01 0.05 0.1 O02 OS 


45 2 days * 4 2 1 
5 days 2 2 


4 
80 2 days 2 1 0 
5 days 3 3 2 


90 2 days : t 0 
5 days q 2 2 
Oral 
yeasts 
D 24 hours 3* 
48 hours 
5 days 


Chlorophyllin (lot 2), percent 
0 5 1.0 2.0 


4 

4 

24 hours 4 
48 hours 4 
4 

4 

4 

4 


24 hours 
48 hours 


8 24 hours 


- — Cal aoe en 


11 24 hours 


* Numerals represent numbers and relative size of 
colonies on the agar medium: 4=++++ or maximum 
growth grading down to 1 =+ or just visible growth, and 
t =trace of growth or colonies microscopic in size. 


shown more clearly in tabie 6, which 
gives results obtained with an agar 
medium. Growth was retarded to some 
extent by lot 2 chlorophyllin in amounts 
as small as 0.01%, and there was marked 
retardation in the presence of 0.05 
and 0.1%. Growth was not completely 
inhibited, however, even by 0.2 and 
0.5%, for a few small colonies at times 
appeared after continued incubation. 

Results with 5 strains of oral yeasts 
are also included in table 6. Four of 
the yeasts had been isolated previously 
from saliva and one (D) from an oral 
lesion. For this strain and two others 
the writers are indebted to Dr. Frank J. 
Orland. The yeasts were not identified 
as to species. They exhibited marked 
resistance to the effect of chlorophyllin 
and most of them grew well in the pres- 
ence of 1.0 or 2.0%. Later when chloro- 
phyllin lot 3 became available, they 
were tested again with the result that all 
but one of them (D) developed readily 
in the presence of 1.0 and even 2.0% 
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Fic. 1.—Comparative inhibitive effect of three different lots of sodium copper chlorophyllin. 

Height of columns shows the average increase in acidity, compared with uninoculated medium, 
caused by growth of the organisms in 48 hours in the presence of different concentrations of chloro- 
phyllin. The lactobacilli were grown in tomato juice yeast extract broth; the Str. salivarius strains were 
grown in trypticase triple sugar broth. 
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concentrations of this more potent prep- 
aration. Yeast D showed no evidence 
of growth in concentrations greater 
than 0.5% of lot 3, although incubation 
was continued up to 7 days. Of the 
several groups of microorganisms in- 
cluded in this study, the oral yeasts were 
the most resistant to chlorophyllin. 


SUMMARY 


Preparations of sodium copper chloro- 
phyllin in certain concentrations exert 
a bacteriostatic effect, but differ con- 
siderably in potency from one lot to 
another. 

In a culture medium which ordinarily 
supports good growth, amounts of 
0.5 to 2.0% are needed to completely 
inhibit for 48 hours growth and acid 
production of lactobacilli, streptococci, 


and staphylococci. Partial inhibition 
or delayed growth occurs in the presence 
of lower concentrations and may also 
be observed with shorter incubation 
periods, such as 18 hours. Summaries 
of results with three preparations and a 
number of different organisms are given 
in the accompanying figure and tables. 

A few pleomorphic filamentous mouth 
organisms were more sensitive. Growth 
was retarded in the presence of 0.05%, 
though 0.5% did not completely inhibit 
slow growth of these forms on an agar 
medium. 

Several oral yeasts were more resistant 
to the effect of sodium copper chloro- 
phyllin, most of them growing quite 
readily in suitable culture mediums in 
the presence of 1.0 and 2.0% concen- 
trations. 





A POLYSACCHARIDE MEDIUM OF 
ING CHLAMYDOSPORE FORMATION IN CANDIDA ALBICANS 
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From the Arnold Biological Laboratories, Brown University, Providence, Rhode Island 


Of the yeasts grouped in the anasco- 
sporogenous, filament-forming genus 
Candida, the only species known to 
form chlamydospores is the pathogen, 
Candida albicans.'~* Production of the 
thick walled, spherical, refractile struc- 
tures termed chlamydospores is thus an 
important feature for identification of 
this species. While the physiological 
bases of resistant spore formation in 


this or any other fungus have scarcely 
been explored, an impoverished medium 
is known practically to be of value in 
obtaining such morphogenetic develop- 
ment in C. albicans. Mediums in current 
use for this purpose are generally pre- 
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pared from plant materials—potato 
pulp, potato-carrot pulp, or corn meal. 
These materials usually are rich in poly- 
saccharides and frequently poor in cold 
water soluble carbohydrate or nitrog- 
enous components. While frequently 
satisfactory, different batches of these 
mediums may give variable results. Laf- 
fer‘ recommended that strains of C. 
albicans of known ability to form 
chlamydospores be maintained for the 
purpose of testing each new batch of 
medium. In the course of our study of 
the factors controlling filamentation and 
chlamydospore formation in C. albicans, 
it became apparent that the effective- 
ness of any of the “natural’’ polysac- 
charide mediums was determined largely 
by its content of reducing sugar.’ With 
a purified polysaccharide (free of reduc- 
ing sugar) as the carbon source, medi- 
ums of known composition were pre- 
pared and found to support filamenta- 
tion and abundant chlamydospore de- 
velopment, even with strains of C. 
albicans long maintained in culture. 
Addition of a very small amount of 
glucose to a purified polysaccharide 
medium suppressed both filamentation 
and chlamydospore formation. 


MATERIALS AND METHODS 


The basal medium had the following formula- 
tion: (NH4)2SO,, 1.0 g; KH:PO,, 1.0 g; biotin, 
5.0 ug; Bacto-agar, 15.0 g; trypan blue, 0.1 g; 
and distilled water to make 1000 ml. Purified 
polysaccharide was sterilized separately by auto- 
claving, or by Tyndallization, and added asepti- 
cally to the autoclaved basal medium. Two poly- 
saccharides proved to be suitable. As purchased, 
glycogen (Pfanstiehl) did not react in a qualita- 


5. Abstract. 1949, Am. J. Bot. 36: 812. 
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tive test with Fehling’s reagent, and could be 
used without further purification; it has the dis- 
advantage of being expensive. Soluble starch 
(prepared according to Lintner) is inexpensive, 
but frequently contains appreciable quantities of 
reducing sugar. This can be removed by pre- 
from solution with _half- 


cipitating starch 


Fic, 1. 


Nessler’s reagent, and then dried in vacuo. The 
product was obtained in a good yield; with iodine 
it gave a characteristic starch or starch-like 
reaction (with some soluble starch preparations 
a purple color was obtained, indicating a high 
content of dextrins). No reaction was obtained 
with Fehling’s reagent, and use of the term 


Filamentation and chlamydospore production by C. albicans (35.1.1) on purified soluble 


starch medium containing trypan blue. Vital staining of abundant chlamydospores apparent; two 


portions of same slide culture in A and B. 


saturated ammonium sulfate in the following 
manner: 

To 100 ml of boiling distilled water add, with 
stirring, 5 to 7 g of commercial soluble siarch. 
When the starch is dispersed, and while the clear 
liquid is still hot, pour into an equal volume of 
saturated ammonium sulfate solution (76.0 g 
(NH4)2SO, per 100 ml of solution at 25 C was 
taken as saturation). After standing 24 hours the 
voluminous amorphous precipitate was filtered 
with suction, washed with cold distilled water 
the filtrate negative test with 


until gave a 


“purified” polysaccharide signifies only the ab- 
sence of reducing sugars as determined by this 
qualitative test. Commercial soluble starches 
vary widely in the amount that can be dispersed 


in hot water; with some products only 0.2 to 0.5 


g could be dispersed; with others it was easily 
possible to make 10% dispersions in hot water. 
Difco soluble starch proved to be readily dis- 
persible. 

After adding purified polysaccharide to the 
basal medium (2 g per 100 ml), slide cultures 
were prepared according to the Langeron and 





22 WALTER J. NICKERSON AND ZBIGNIEW MANKOWSKI 


Guerra? modification of the method of Rivalier 
and Seydel. Inoculums were taken from young 
cultures grown on glucose peptone agar. The 
slide cultures were inoculated heavily by making 
two streaks in parallel. Of the strains of C. 
albicans employed, no, 35.1.1 was obtained from 
the yeast collection of the Centraalbureau voor 
Schimmel cultures, Delft; the other strains were 
isolated from lesions in humans, and all were 
pathogenic for rabbits. Cultures were incubated 
at 25 C and examined after 4 days. 
RESULTS 

On the basal medium with glycogen 
or purified soluble starch there is but 
slight increase in number of cells as a 
result of cell multiplication by budding. 
With a heavy inoculum, elongation into 
filaments occurs from many of the cells 
introduced. Whether filamentous cells 
arise by elongation of newly formed 
yeast cells or from cells introduced in 
the inoculum, it was observed that they 
frequently bore fewer blastospores than 
one generally observes with C. albicans 
on a “‘natural’’ medium, such as potato 
agar, or on medium 
which has not been purified. Chlamy- 
dospore formation, on the other hand, 
was much more abundant than ever ob- 
served on “natural” 


a soluble starch 


These 
structures were observed to arise from 


mediums. 


the ends of short filaments, and con- 


version of yeast cells into typical 
chlamydospores was of common occur- 
rence. In the later case, the result may 
be described as a ‘ 
No 
served between chlamydospores borne 
at the and 


chlamydospores in their selective ac- 


sessile chlamyao- 


spore.”’ distinction could be ob- 


apex of filaments sessile 
cumulation of the acid dye trypan blue. 
Both forms concentrated this dye so 


that they appeared blue when observed 


Fic. 2. 


microscopically. At the concentration 
of dye employed, the agar is not per- 
ceptibly colored, nor are yeast cells or 
filamentous cells colored. Chlamydo- 
spores, however, are deep blue in color. 
Figures 1 and 2 illustrate the main fea- 
tures of the growth of C. albicans on 
purified polysaccharide mediums. 

When small amounts of glucose are 
added to a_ purified polysaccharide 
medium both filamentation and chlamy- 
dospore formation are suppressed. This 
observation is described in table 1. 
It has already been reported®’ that ad- 
dition of cysteine or other source of sulf- 
hydryl groups to “natural’’ polysac- 
charide mediums permits maintenance 
of C. albicans in the yeast phase and 
prevents filamentation. The importance 
of thiol groups for maintenance of the 
yeast phase in [Tistoplasma capsulatum 
has been described by Salvin.* Recently, 
two pathways leading from glucose 
metabolism to the formation of sulfhy- 
dryl groups have been demonstrated® 
to occur in C. albicans. Cystine reduc- 
tase, employing reduced coenzyme | 
(DPNH), catalyzes the reduction of 
cystine glutathione 


to cysteine, and 


reductase, employing reduced coenzyme 


6. Nickerson, W. J. and van Rij, N. J. W. 1949, 
The effect of sulfhydryl compounds, penicil- 
lin, and cobalt on the cell division mechanism 
of yeasts. Biochim. Biophys. Acta, 3: 461-475. 
Nickerson, W. J. 1951, Physiological bases of 
morphogenesis in animal disease fungi. Trans. 
N. Y. Acad. Se., Ser. I], 13: 140-145. 

. Salvin, S. B. 1949, Cysteine and related com- 
pounds in the growth of the yeastlike phase of 
Histoplasma capsulatum, J. Infect. Dis. 84: 
275-283. 

Nickerson, W. J. and Romano, A. H. 1952, 
Enzymatic reduction of cystine by coenzyme 


I (DPNH). Science, 115: 676-678. 


o> 


Candida albicans (35.1.1) on polysaccharide medium; glycogen-basal medium (without 


trypan blue) in A, purified soluble starch in B and C. Abundant chlamydospore development and 
slight filamentation in A (440). Extensive filamentation and chlamydospore formation in B (120X), 


a portion of which is shown in C (440). 
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Effect of addition of cysteine (10-?M) to purified soluble starch medium. Portion of border 


of streak of C. albicans (35.1.1) in A; note absence of filaments and chlamydospores. In B, same 


preparation shows multiple budding of yeast cells. 


Il (TPNH), catalyzes the reduction of 
oxidized glutathione. It is apparent that 
the presence of a readily metabolizable 
substrate, such as glucose, provides the 
veast cells of C. albicans with reducing 
substances essential to their mainte- 
nance of reduced thiol groupings, upon 
which cell division by budding is con- 


tingent. Further indication that the 


action of glucose added to purified poly- 


from the 
metabolic generation of reduced | thiol 


saccharide mediums results 


groups is to be found in the fact that 
addition of cysteine to purified poly- 
saccharide mediums, likewise, prevents 
filamentation and chlamydospore for- 
mation. Only budding yeast cells are 
to be observed on the purified soluble 
starch medium to which 1/100 cysteine 
has been added (see fig. 3). 

Aside from their usefulness in the 
study of the process of filamentation 
and chlamydospore formation, the puri- 
fied polysaccharide mediums offer ad- 
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TABLE 1.- 


Inhibitory effect of glucose on filamentation and chlamydos pore 


formation by Candida albicans.* 


Purified starch medium 


Strain no. - 7 " ~ 
Filamen- Chlamydo- 
tation spores 


Growth 


35.1.1 
75 


. om + ++ +- 
++ ++ -+ 


* Slide cultures incubated for 4 days at 25 C. 


vantages for the isolation and identifi- 
cation* of Candida, especially C. albi- 
cans. Details on the preparation of the 
purified soluble starch medium were 
supplied to a few investigators who 
kindly undertook to check our findings. 
From one of these studiest we are 
privileged to report the following data. 
A record of 247 results was compiled on 
comparative tests of the purified soluble 
starch medium and corn meal agar. The 
comparison was included in the routine 
culturing of body materials, especially 
sputum. In 212 instances the results 
given by the polysaccharide medium 
and by corn meal agar were identical: 
19 positive for C. albicans, 53 positive 
for Candida species, 33 overgrown by 
a nonpathogenic fungus, while 107 were 
negative. In the remaining 35 instances 
the results with the two mediums com- 
pared as shown in table 2. In general, 
with the purified soluble starch medium 
fewer cultures were overgrown by non- 
pathogenic fungi and, of the 14 cultures 
listed as positive for C. albicans, 7 of 
these were negative on corn meal agar. 
Of the 9 cultures positive for C. albicans 
on corn meal, 4 were negative on the 
polysaccharide medium. Fischer raises 
the interesting question, ‘Do these re- 
sults suggest the same problem as occurs 


* Dr. Rhoda W. Benham has recently informed 
us that she has observed the development of the 
characteristic morphology! of several species of 
Candida on soluble starch medium. 

+ The authors wish to thank Dr. J. R. Fischer, 
Central Laboratory, Dept. of Health, Toronto, 
Ontario, for kindly supplying this information. 


Purified one +5 X10"? M 


Growth 


+ 


Purified starch +-2.5 X10"? M 
glucose glucose 


Filamen- Chlamydo- 
spores 


Filamen- Chlamydo- 
tation spores 


Growth 


0 
0 


+e $ 
+ 


+ 


TABLE 2.—Comparative tests of purified soluble 


starch and corn meal agar mediums. 


Non- Yeast 
C. albi- Candida patho- other 
cans sp. genic than 


fungus Candida 


10 3 
8 


Nega- 
tive 


14 
9 


Polysaccharide 
Corn meal agar 


5 
8 1 


in culturing for M. tuberculosis where 
most positives are found when several 
media are used?”’ In our own studies, 
we have found the purified soluble starch 
medium permits ready observation of 
chlamydospores in nearly all known 
strains of C. albicans ex2mined (24 
strains maintained in culture), whereas 
only a few of these strains exhibit 
chlamydospores on potato agar or on 
corn meal agar. 


SUMMARY 


A medium of known composition con- 
taining polysaccharide as the carbon 
source and ammonium sulfate as the 
nitrogen source is described; it permits 
a slow growth of Candida albicans with 
good filamentation and abundant pro- 
duction of chlamydospores. 

The purification of soluble starch by 
ammonium sulfate precipitation to give 
a product free of reducing sugar is de- 
scribed. 

Trypan blue, added in low concen- 
tration to the purified starch medium, 
is selectively accumulated the 
chlamydospores. 


by 


The addition of glucose or of cysteine 
to the synthetic medium prevents the 
formation of filaments or chlamydo- 
spores by_C. albicans. 
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In a study of the pathogenicity of 
mucoid variants of brucellae for guinea 
pigs (Jones and Berman, 1951), it was 
reported that mucoid strains vary in 
their ability to persist and produce 
changes in the animal tissues. In mixed 
infections of mucoid and smooth brucel- 
lae, the smooth form was found to per- 
sist longer. The mucoid form was elimi- 
nated more rapidly from animals which 
had a simultaneously or previously es- 
tablished infection with smooth organ- 
isms than from a similar series of ani- 
mals inoculated with mucoid organisms 
only. The effect of prior inoculation of 
mucoid cultures on the susceptibility of 
guinea pigs to later infection with 
smooth cultures was not studied inten- 
sively by these authors. Further obser- 
vations on the persistence or disappear- 
ance of the mucoid form in the presence 
of infection with smooth organisms were 
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required. The present study compares 
the course of infection in a series of 
guinea pigs inoculated with mucoid or- 
ganisms followed by injection of smooth 
organisms with two series of controls 
given mucoid and smooth cultures only. 

In the previous study (Jones and Ber- 
man, 1951) it was found that infection 
with mucoid cultures did not stimulate 
the production of demonstrable aggluti- 
nins in the inoculated animals for either 
smooth or mucoid organisms. It was 
thought possible that other serological 
techniques might reveal the presence of 
nonagglutinating antibodies to the mu- 
coid form. Agglutinin absorption, the 
antiglobulin sensitization test (Coombs, 
Mourant and Race, 1945) and the con- 
glutination complement absorption test 
(Hole and Coombs, 1947) were applied 
to the serums of infected guinea pigs. 
Although none of these techniques re- 
vealed specific antibodies for the mucoid 
antigen, they were useful with smooth 
antigen and its antiserum, making pos- 
sible a comparison of the methods. 


MATERIALS AND METHODS 


The mucoid culture used was a streptomycin- 
resistant culture of Brucella abortus strain 2308 
and was labeled SMR2308M. A streptomycin- 
susceptible culture of the same strain (2308S) 
was employed as the smooth form. The cultures 
and cultural methods have been described pre- 
viously (Jones and Berman, 1951). 

Twenty-eight guinea pigs were inoculated in- 
traperitoneally with 210* organisms of SMR 
2308M. Five weeks later 14 of these were given a 
second injection of 8X10* organisms of 2308S, 
and 14 additional animals were given the same 
inoculation of smooth organisms at the same 
time. Representative animals from each group 
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were sacrificed at weekly intervals following the 
second injection. Blood was withdrawn by 
cardiac puncture, and the animals were examined 
for gross pathological changes. The: regional 
lymph nodes, spleen and liver from each animal 
were minced and streaked on 2-1 agar plates 
both with and without streptomycin to determine 
the presence or absence of brucella in each of 
the organs. The death of 6 animals from inter- 
current infections made the final numbers in each 
group 10, 12 and 14, respectively (table 1). 

The results of the first infection experiment 
suggested the need for examining similarly 
treated animals at shorter intervals following the 
injection of smooth cells, Accordingly, 15 guinea 
pigs were inoculated intraperitoneally with 
1.6X10* mucoid organisms and 4 weeks later 
were injected with 3 X 10 smooth cells; 15 guinea 
pigs were inoculated with 3.3 X10* heat-killed 
mucoid cells and were given 3X 10* smooth cells 
1 week later; 15 guinea pigs were injected with 
3X10 smooth brucellae only. Representative 
animals from each group were examined 4, 7, 11 
and 18 days after the introduction of smooth or- 
ganisms. 


Serological methods 


Both cultures were grown on tryptose agar 
containing 0.001% thiamine* for 48 hours. The 
growth was harvested in 0.5% phenolized saline, 
centrifuged and resuspended in 0.85% sodium 
chloride. The packed cell volume was used to 
prepare the final antigen in the concentration 
desired. 

Antigens were also prepared by killing the 
organisms in 0.5% formalin and by heating at 
56 C for 1 hour. The antigenicity of these prepara- 
tions was compared with that of the phenol-killed 
antigens. 

The direct agglutination test.—Equal volumes of 
the antigen suspension (1:400) and serum dilu- 
tions were mixed. The test was read after over- 
night incubation in a 37 C water bath. 

The antiglobulin sensitization test.—Equal 
volumes of the antigen suspension (1:400) and 
serum dilutions (normal and immune) were in- 

* Although there was no significant difference 
in the viable cell count of the mucoid culture 
when grown on tryptose agar with or without 
added thiamine, there was a difference in the 
characteristic of the growth. Mucoid colonies 
grown in the absence of added thiamine had a 
raised center and were so tenacious they could 
not be suspended in saline. Colonies grown in the 
presence of 0.001% thiamine were convex, 
mucoid when touched with a needle, but easily 
suspended in saline 


cubated for 30 minutes in a 37 C water bath for 
the primary sensitization. A portion (0.4 ml) was 
removed from each dilution for the direct ag- 
glutination test. The remainder was cen¢rifuged 
in an angle head centrifuge at 7000 r.p.m. for 
5 minutes. The supernatant was removed and 
the cells were res::spended in saline. The cells 
were centrifuged in this manner three times and 
after the third were resuspended in saline to the 
same volume as the amount of antigen used in 
the beginning of the test. The washed antigen 
was then added in 0.2 ml aliquots to tubes con- 
taining 0.2 ml volumes of normal rabbit serum 
and serum from rabbits immunized with normal 
guinea pig serum. The dilutions of rabbit serum 
found most effective were 1:20 to 1:80. The 
racks were placed in a 37 C water bath and read 
the next day. The degree of sedimentation and 
the size of the floccules were considered in the 
final reading. 

The conglutination complement absor ption test.— 
The materials and methods for the conglutina- 
tion complement absorption test were, in general, 
those reported by Hole and Coombs (1947). The 
equine complement was titrated in the presence 
of the brucella antigen, as the antigen was some- 
what anticomplementary. The conglutinating 
system consisted of equal parts of 0.3% sheep red 
cell suspension and the optimal dilution of inacti- 
vated bovine serum which did not contain anti- 
bodies to Brucella abortus. 

Phenol-killed antigens suspended in 0.85% 
sodium chloride were generally employed. In 
order to determine the optimal antigen dilution 
several concentrations of antigen were tested 
alone and with specific antiserums, using varying 
doses of complement in the conglutination com- 
plement absorption test. For the smooth antigen 
a dilution of 1:1600 was not too anticomplemen- 
tary, and in combination with positive serum was 
able to absorb a significant amount of comple- 
ment. The mucoid antigen had to be used at a 
dilution of 1:6400 because of its anticomple- 
mentary nature. Donkey complement was found 
to be less susceptible than equine to the anti- 
complementary action of the mucoid antigen. 
Both the mucoid and smooth antigens were less 
anticomplementary to guinea pig complement, 
as revealed in the hemolytic complement fixation 
test, than to equine or donkey complement in 
the conglutination test. Antigens prepared from 
formalin-killed cells or heat-killed cells displayed 
approximately the same anticomplementary 
action and sensitivity as phenol-killed prepara- 
tions. 

The antigen, serum and complement were 
allowed to stand for 1 hour at room temperature 
before the conglutinating system was added. 
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After 30 minutes in a 37 C water bath the tubes 
were centrifuged and the results read. 

Agglutinin absorption.—Dilutions of serum 
were left in the presence of the absorbing antigen 
for 30 minutes. The titer of the absorbed serum 
was compared with that of the unabsorbed serum 
in the direct agglutination test. 


RESULTS 


The results of the first infection ex- 
periment are presented in table 1. 


TABLE 1.—Persistence of Br. abortus strain 
SMR2308 M in mixed infections. 


Relative numbers of organisms recovered 
from animals inoculated with: 
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Inoculums: 


Mucoid organisms were recovered from 
the majority of the guinea pigs inocu- 
lated with mucoid brucellae only. Large 
numbers of smooth organisms and 
severe pathological alterations were de- 
tected in the tissues of nearly all the 
animals inoculated with smooth cells 
alone. The previous inoculation with 
mucoid organisms did not protect ani- 
mals from subsequent infection with the 
smooth type. But the mucoid brucellae 
did not disappear from the animals even 
in the presence of infection with smooth 
organisms. They were present in smaller 
numbers than the smooth type although 
frequently in a single lymph node they 
were the only type detected. 

Evidence of infection was not found 
in the two guinea pigs sacrificed one 
week after injection of smooth organ- 


isms, whereas animals in the group given 
prior inoculation with mucoid variants 
and killed one week after injection of 
smooth brucellae had high spleen counts 
of smooth organisms. In an experiment 
performed later to test this discrepancy, 
similarly treated animals were exam- 
ined at shorter intervals following the 
injection of smooth cells (table 2). The 
mucoid type was again recovered from 
the majority of animals previously inoc- 
ulated with living mucoid organisms. 
Although smooth brucellae were re- 
covered from 13 of 15 guinea pigs inocu- 
lated with smooth cells only, they were 
isolated from only 6 of 15 animals 
which previously had been inoculated 
with living mucoid organisms. The dif- 
ference between these two groups is 
significant (x? = 8.03, P<0.01). Smooth 
organisms were recovered from 10 of 
15 animals which had been injected with 
killed mucoid cells one week prior to 
introduction of living smooth cells. The 
results were not significantly different 
from the control series (x? = 1.5, P<0.3), 
although the distribution of negative 
results may indicate that prior exposure 
to killed mucoid cells had a temporary 


TABLE 2.—Effect of prior inoculation with mucoid 
organisms of Br. abortus strain SMR2308M on 
establishment of infection with smooth 
organisms of the same strain. 


Relative numbers of organisms recovered 
from animals inoculated with: 
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inhibitory effect on the multiplication 
of smooth organisms. 

The mucoid antigen was not aggluti- 
nated in the direct test by serums from 
guinea pigs infected with either or both 
mucoid and smooth brucellae. In the 
antiglobulin test the mucoid antigen was 
agglutinated by the serums of infected 
guinea pigs. However, since normal 
guinea pig serum was as effective as 
immune serum in sensitizing the mu- 
coid antigen to the agglutinating action 
of rabbit anti-guinea pig serum, the 
reaction appeared to be nonspecific. 
The mucoid antigen showed similar 
nonspecific absorption of normal bovine 
serum as revealed by the agglutinating 
action of rabbit anti-bovine serum. Mu- 
coid antigen with normal 
guinea pig serum and resuspended in 
normal rabbit serum was not aggluti- 
nated. 

Mucoid organisms in the presence of 
serum from infected guinea pigs did not 
absorb complement in the conglutina- 
tion complement absorption test. Mu- 
coid antigen was incapable of absorbing 
agglutinins for smooth organisms in the 
agglutinin absorption test. 

The smooth antigen reacted specifical- 
ly with immune serums with all the 
techniques employed. Only the results 
obtained with the smooth antigen are 
given in tables 3 and 4. 

Table 3 records the relative numbers 
of organisms recovered and the serum 
titers from guinea pigs inoculated with 
smooth organisms only. Agglutinins gen- 
erally were not demonstrable in the 
serums until 3 weeks after inoculation. 
Serums from animals sacrificed 3 and 4 
weeks after inoculation contained ag- 
glutinins at a low titer, and the anti- 
globulin test did not alter the end 
points appreciably in most cases. The 
greatest difference in the end points of 
the direct and antiglobulin technique 
was seen in the serums of animals which 


sensitized 


TABLE 3.—Serological data obtained from serums 
of guinea pigs inoculated with 
smooth brucellae only, 


Serum titer with various 
Relative tests: 
numbers of — 
organisms Direct A 
recovered aggluti- i 
nation *®'° 
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oe nti- Congluti- 
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5120 101240 
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had been infected for 5 and 6 weeks. 
A 4- to 32-fold amplification in titer was 
seen in these serums. Similar agglutinin 
production was apparent in the serums 
of guinea pigs infected with smooth 
organisms 5 weeks after inoculation 
with mucoid (table 4), i.e., agglutinins 
at a low titer appeared 3 and 4 weeks 
after infection; at 5 and 6 weeks use of 
the antiglobulin method resulted in an 
amplification of the titers of reacting 
serums. 


TABLE 4.— Serological data obtained from serums 
of guinea pigs inoculated with smooth brucellae 
5 weeks after inoculation with 
mucoid brucellae. 


Serum titer with 

various tests: 
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Relative 
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The titers observed with the congluti- 
nation test were of the same order as 
those with the antiglobulin test. In 
general, serums negative in one test 
were negative in all tests. A few serums 
reacted in the lowest dilution in one 
or more tests but not in all three. There 
were some infected guinea pigs whose 
serums did not contain antibodies 
demonstrable by any of the methods. 

The serum titers of animals inocu- 
lated with smooth organisms only were 
generally higher than those inoculated 
with mucoid organisms 5 weeks prior 
to introduction of smooth cells. This is 
especially apparent in animals killed 5 
and 6 weeks after inoculation with 
smooth brucellae. 


DISCUSSION 


Huddleson (1947) has reported that 
certain mucoid variants of Brucella suis 
and Brucella melitensis, when injected 
into guinea pigs, produced a high de- 
gree of active immunity against experi- 
mental infection with virulent brucellae. 
In the experiment presented in table 1, 
previous inoculation with mucoid cells 
did not protect animals from subsequent 
infection with smooth brucellae, al- 
though the serum agglutinin titers of 
these animals were lower than those of 
animals inoculated with smooth cells 
only, 

Data obtained from guinea pigs exam- 
ined at shorter intervals after the intro- 
duction of smooth brucellae (table 2) 
indicare that previous experience with 
the mucoid type rendered the host more 
capable of controlling small numbers of 
smooth cells. This control appeared to 
be the result of a temporary inhibition 
of cell multiplication rather than an 
actual elimination of organisms, for as 
time progressed the smooth organisms 
were able to proliferate and establish 
a demonstrable infection. Thus, al- 
though smooth organisms had infected 


only 3 of 11 animals previously inocu- 
lated with the mucoid variant and sacri- 
ficed by the 11th day after inoculation 
with smooth cells, they were recovered 
from 3 of 4 animals given the same 
treatment and examined 18 days after 
introduction of the smooth type. Killed 
mucoid cells inoculated 1 week prior to 
introduction of smooth organisms were 
apparently capable of modifying the 
host environment for a few days, as the 
presence of smooth organisms was not 
detected in the tissues of animals exam- 
ined 4 days after inoculation with 
smooth cells. The remaining animals 
given this treatment displayed the same 
frequency of infection with smooth type 
as the corresponding animals in the 
group given smooth brucellae only. 

The numbers of smooth organisms of 
strain 2308 used in these experiments 
has been shown in virulence titrations 
(Jones, 1950) to be incapable of infect- 
ing 100% of the guinea pigs. The varia- 
tion in the susceptibility of guinea pigs 
to infection is a well-established fact. 
In addition to these variables there is 
increasing evidence (Kelly et al, 1951; 
McMurtrie et al, 1952) that the sus- 
ceptibility of a given animal will vary 
with time, depending on the type of 
variant with which it has had previous 
contact and the time interval since that 
contact. 

The persistence of the mucoid organ- 
isms in the presence of infection with 
smooth brucellae observed in the pres- 
ent study differed from results with this 
strain previously reported. Jones and 
Berman (1951) found that the mucoid 
type disappeared within 5 weeks from 
the tissues of animals which were inocu- 
lated simultaneously with the two vari- 
ants and in even shorter periods from 
those in which mucoid cells had been in- 
jected 4 weeks after smooth cells. Braun 
et al (1951) have reported similar re- 
sults with Br. suis. In the present exper- 
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iments the mucoid organisms had a 
chance to establish themselves in the 
host before smooth cells were intro- 
duced, and the number of mucoid cells 
employed was 100-fold greater. In the 
previous study the mucoid type dis- 
appeared from the tissues of two guinea 
pigs in which reversion to smooth oc- 
curred (Jones and Berman, 1951). 
Those animals were sacrificed 7 and 8 
weeks after inoculation with large num- 
bers of mucoid organisms. It is, of 
course, not known when the reversion 
occurred. Further study may indicate 
that the ability of a variant to persist 
in tissues upon superimposed infection 
with the smooth form may depend on 
the length of time the host has had ex- 
perience with the original type. 
Although the mucoid organisms per- 
sisted in the animal tissues for as long 
as 11 weeks they did not stimulate pro- 
duction of antibodies against them- 
selves or the smooth strain that could 


be demonstrated by agglutination, ag- 
glutinin absorption, antiglobulin sensi- 
tization or conglutination complement 
absorption tests. 


The antiglobulin test and the con- 
glutination test demonstrated antibod- 
ies for the smooth antigen, but these 
methods did not reveal antibodies which 
were not otherwise detectable by the 
direct agglutination test. The antiglobu- 
lin test has, however, revealed high 
titer nonagglutinating antibodies to bru- 
cellae in human serum, according to 
reports by Jones and Wilson (1951) and 
Schuhardt, Woodfin and Knolle (1951). 

The end points obtained with the 
antiglobulin test and the conglutina- 
tion test were higher than those ob- 
tained with the direct agglutination test 
in serums from animals infected for 5 
or more weeks with smooth brucellae. 
This may be evidence of the elabora- 
tion of nonagglutinating antibodies in 
long standing infections. Morgan and 


Schutze (1946), comparing the anti- 
globulin and direct agglutination test, 
demonstrated in a series of normal and 
anti-typhoid human serums that the 
titer of nonagglutinating antibodies was 
much higher than the ordinary aggluti- 
nation titer, with the greatest amplifica- 
tion of titer in the 
These authors suggest 


immune serums. 
that the en- 
hanced titer may be due to amounts of 
complete antibody present in higher 
serum dilutions which are too small to 
produce normal agglutination but suffi- 
cient to sensitize the bacterial cell to 
anti-human globulin serum. Stewart 
and McKeever (1950) observed greater 
amplification of the antiglobulin titer 
over the direct titer in serums from indi- 
viduals with a past history of typhoid 
infection than from typhoid-immunized 
individuals. 

Rice and Avery (1950) have compared 
the use of the hemolytic complement 
fixation method and the conglutination 
complement absorption method in test- 
ing bovine serums with Br. abortus. They 
found the conglutination test more sensi- 
tive, but a larger proportion of serums 
were anticomplementary to equine com- 
plement than to guinea pig complement. 
The guinea pig serums used in the pres- 
ent study did not show anticomplemen- 
tary action against either equine or 
guinea pig complement. 


SUMMARY 


1. Although prior inoculation of 
guinea pigs with mucoid organisms 
(strain SMR2308M) did not give lasting 
protection against subsequent infection 
with smooth brucellae of the same 
strain, there was some evidence that the 
multiplication of smooth cells was in- 
hibited for short periods of time. 

2. The mucoid organisms persisted in 
the animal tissues in the presence of 
infection with smooth brucellae for as 
long as 11 weeks. 
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3. Guinea pigs infected with mucoid 
brucellae did not produce antibodies 
for either the mucoid or smooth organ- 
isms that could be demonstrated by ag- 
glutination, agglutinin absorption, anti- 
globulin sensitization or conglutination 
complement absorption tests. 

4. Antibodies to smooth antigen were 
detected by all methods in the serums of 
guinea pigs 3 weeks after the introduc- 
tion of smooth brucellae. The antiglobu- 
lin test and the conglutination comple- 
ment absorption test gave higher end 
points than the direct agglutination 
test with serums reacting with the 
smooth antigen, but these methods did 
not reveal antibodies which were not 
detectable by the direct agglutination 
test. 
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CHEMOTHERAPY OF EXPERIMENTAL LEPTOSPIROSIS WITH 
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Observations in these laboratories in- 
dicated that chloramphenicol (Chloro- 
mycetin*)' and subtilin? are effective 
against relapsing fever spirochetes in 
mice. These findings stimulated this 
study, which is devoted to the effects of 
the drugs on Leptospira icterohaemor- 
rhagiae in experimental infections and 
in vitro. Penicillin G 
reference drug, 


was used as a 
inasmuch as various 
penicillin preparations have inhibitory 
action in vitro** and appreciable thera- 
peutic effect in 
spirosis.*~’. 


experimental lepto- 


MATERIALS AND METHODS 


Two strains of Lept. icterohaemorrhagiae were 
used. Strain 1 was obtained from Dr. F. R. Heil- 
man of the Mayo Clinic, who had received it 
from Dr. Carl Larson of the National Institutes 
of Health. Strain 2 was procured from Dr. W. S. 
Gochenour, Jr., Army Medical Service Graduate 
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School, who indicated it had been isolated from 
a patient in Puerto Rico and identified as the 
biotype (AB). Strain 1 was maintained by 
passage through golden hamsters or guinea pigs. 
Inoculums for routine passage and chemothera- 
peutic experiments consisted of a homogenate in 
physiologic saline solution of liver and kidney 
from infected animals, and were given intraperi- 
toneally. Strain 2 was maintained in Noguchi’'s 
medium® and in guinea pigs; the inoculum used 
for chemotherapeutic tests was prepared from 
cultures after recent passage through guinea pigs 
and was given intraperitoneally. Aseptic precau- 
tions were used in transferring the strains, and 
inoculums used for experiments were demon- 
strated to be free of bacteria on the basis of tests 
with blood agar or thioglycollate broth. 

The number of organisms per unit volume of 
inoculum was estimated from 0.02 ml of the 
specimen drawn under two adjacent coverslips 
by determining the average number of organisms 
per ruled area in a microscope equipped with a 
Howard disc and the number of such fields per 
coverslip. 

Animals exposed to infection and dying during 
experiments were examined for macroscopic evi- 
dence of leptospiral pathology and usually by 
dark field for leptospira. Particular attention was 
devoted to the occurrence of hemorrhage in the 
peritoneum and lungs, and of jaundice as indica- 
tions of acute leptospirosis.7:* Specimens of liver 
and kidney were searched for leptospiras. 

In vitro sensitivity tests were conducted in 
Noguchi’s medium at 25 to 28 C, 

Plasma levels of drugs were determined in 
samples pooled from groups of animals. Blood 
was collected by cardiac puncture into syringes 
moistened with a saturated solution of heparin, 
and cells were removed by centrifugation. Nitro 
compounds (chloramphenicol and degradation 
products) were assayed colorimetrically as 
chloramphenicol equivalents." Chloramphenicol, 


8. Noguchi, H. and Battistini, T. S. 1926, ]. Ex- 
per. Med. 43: 851-864. 
. Wylie, J. A. H. 1946, J. Path. & Bact. 58: 
351-358. 
. Glazko, A. J., Wolf, L. M. and Dill, W. A. 
1949, J. Pharmacol. & Exper. Therap. 96: 
445-459. 
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subtilin and penicillin G were assayed microbio- 
logically,—chloramphenicol with Shigella son- 
nei," subtilin with Staphylococcus aureus by the 
technical procedures of Joslyn and Galbraith" 
and penicillin G with Bacillus subtilis by the 
method of Chandler et al.” 

Drugs used were chloramphenicol; subtilin,t 
73% pure; sodium and potassium penicillin G, 
respective potencies 1667 and 1681 International 
Units/mg; and Penicillin SR,t a mixture of 3 
parts procaine penicillin G and 1 part sodium 
penicillin G, having a potency of 1167 Inter- 
national Units/mg. 


RESULTS AND OBSERVATIONS 


Leptospirosis in golden hamsters in- 
duced with strain 1,—Forty-nine animals 
weighing 35 to 45 g were infected with 
0.5X10° leptospiras from a_ pool of 
organisms obtained from donor ham- 
sters. The animals were then divided 
randomly into 7 groups of 7 each. 
Group I served as infection controls and 
was sham-dosed with physiological sa- 
line solution; groups II to IV received 
chloramphenicol in doses of 80, 20 and 5 


mg/kg/day, respectively; and groups 
V to VII were treated with sodium peni- 
cillin G in doses of 80, 20 and 5 mg/kg/- 


day, respectively. Treatment was 
started 24 hours after infection and 
consisted of subcutaneous injections at 
approximately 8:30 a.m. and 4 p.m. 
daily for 10 days. 

All untreated animals and those re- 
ceiving chloramphenicol died, while all 
animals treated with penicillin G sur- 
vived through an observation period of 
2 months. Characteristic leptospiral 
pathology was observed in each animal 
dving during the experiment. Since ham- 
sters treated with chloramphenicol died 


11. Joslyn, D. A. and Galbraith, M. 1947, J. 
Bact. 54: 26. 

12. Chandler, V. L., Price, C. W. and Randall, 
W. A. 1945, Science, 102: 355-356. 

+ Lot 318-20J. We are indebted to Dr. J. C. 
Lewis of Western Regional Research Laboratory, 
U.S. Dept. of Agriculture, for this material. 

t Parke, Davis and Co., trademark. 


at approximately the same time as the 
untreated animals, this test provided 
no indication the drug is effective 
against leptospirosis. Evidence that 
deaths were not due to toxicity of chlor- 
amphenicol was provided by finding that 
such doses were well tolerated by normal 
hamsters. 

In view of the uniform protection of 
animals by penicillin G in a wide range 
of doses, it was of interest to determine 
whether any of these dose levels had 
eradicated the infections. Three of the 
hamsters treated with 5 mg/kg/day, 
4 with 20 mg/kg/day and 3 with 80 
mg/kg/day were subinoculated into un- 
infected animals 2 months after inocu- 
lation with leptospiras. Specimens of 
liver and kidney from each animal were 
injected intraperitoneally into 2 ham- 
sters (average weight 75 g). All of the 
11 treated animals proved to be a source 
of infection. This showed that penicillin 
G failed to cure Lept. icterohaemorrhagiae 
infections in hamsters in doses at least 
16 times the amount adequate for pro- 
tection against death. 

Eleven of the hamsters treated with 
penicillin were used to observe the 
effects of latent infections (which pre- 
sumably existed in view of the fore- 
going subinoculation results) on im- 
munity to reinoculation. These animals 
and 5 uninfected hamsters of the same 
weight range were inoculated intraperi- 
toneally with 5X10° leptospiras 2 
months after the initial infections had 
been induced. This was 10 times the 
number previously found adequate for 
a lethal infection. All of the previously 
uninfected animals died. Six of those 
previously infected died, but 5 survived 
through a 2-month observation period. 
Each of the animals that died had typi- 
cal leptospiral pathology. Four of the 
five that survived exhibited transient 
elevation of the rectal temperature dur- 
ing the first 10 days after reinoculation. 
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These results indicate residual lepto- 
spiral infection confers partial but not 
complete protection against massive re- 
exposure to leptospiras of the same 
strain. 

The action of penicillin in protecting 
hamsters against death from lepto- 
spirosis has been observed also by Heil- 
man and Herrell.’ 

Leptospirosis in guinea pigs induced 
with strains 1 and 2.—The design and 
results of tests for therapeutic action by 
chloramphenicol, subtilin and penicillin 
G are presented in table 1. Infection 
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of 4 the daily dose at 8 a.m. and at 2 
p.m. and $ the daily dose at 8 p.m. In 
strain 2 animals the daily dose by in- 
jection was divided between approxi- 
mately 8:30 a.m. and 4 p.m. 

It is apparent from reference to the 
table that chloramphenicol was ineffec- 
tive against either strain even at doses 
of considerable toxicity. Subtilin was 
ineffective against the one strain with 
which it was tested. Although it ap- 
peared to be tolerated relatively well at 
the level given, 20 mg/kg/day, data 
from in vitro tests and drug plasma 


Effects of chloramphenicol, subtilin and penicillin G on survival of guinea pigs infected 


with Lept. icterohaemorrhagiae. Treatment was started 1 day after infection and continued for 
7 days. 


Mg/kg/day 


Leptospira strain 1 


None 


Chloramphenicolt 95 mg/k 100 
( 


‘ke/day 
0.3% drug in diet) 
Sodium penicillin G 


Leptospira strain 2 


None 
Chloramphenicol f 
Subtilin 

Penicillin SR 


(0.15% drug in diet)t 50 


* Through 15 days after injection of leptospiras. 
+ Drug intakes not determined. 


2.4 


20 
0.858 


By injection Deaths /total* 


Divisions ————_—___—__ Ao 
of daily Infected Uninfected 


dose 


Route 


16/16 
16/16 


1/16 


Subcutaneous 4/16 


Subcutaneous 6/16 


12 
2/15 
4/15 
2/15 
4/15 


Intraperitoneal 


9 
Subcutaneous 9 
3 

Subcutaneous 2 


¢ Supplementary treatment by the diet method was indicated by the finding of transient drug plasma levels after subcu- 


taneous injection (infra). 


controls and drug controls were sham- 
dosed to correspond with the respective 
infected-treated groups. Uninfected 
groups receiving no drug were observed 
for estimates of deaths from extraneous 
causes. Chloramphenicol was given in 
the diet by the method of Feldman and 
Hinshaw.'* Chloramphenicol and Peni- 
cillin SR were’ given by injection in 
physiological saline solution, sodium 
penicillin G in sesame oil, and subtilin in 
distilled water. Animals infected with 
strain 1 weighed 155+25 g and those 
with strain 2 weighed 175 +50 g. Drug 
injections in strain 1 animals consisted 
13. Feldman, W. H. and Hinshaw, H. C. 1945, 
Am. Rey. Tuberc. 51: 582-591. 


levels (infra) did not encourage further 
trial. Penicillin G had a suggestion of 
effect against both strains although 
mortality in each instance was con- 
founded by drug toxicity. The effects 
of penicillin against either strain were 
not significant at the 5% level.” All 
animals treated with the three drugs had 
the benefit of at least 2 days treatment 
and most of them survived the full 
course of treatment. However, at autop- 
sy the treated animals were consistently 
found to have typical leptospiral pa- 


14. National Bureau of Standards, Tables of the 
Binomial Probability Distribution, Applied 
Mathematics Series 6, Supt. of Documents, 
Washington, D. C., 1949. 
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thology and usually leptospiras. Thecon- 
clusions on the effects of the drugs from 
mortality data were confirmed by post- 
mortem findings. 

It is already evident from the werk 
of others*?"> that penicillin can be 
shown to have therapeutic effect in 
guinea pig leptospirosis. However, these 
reports in pointing out the necessity of 
early treatment and of a very poor 
therapeutic index also indicate that the 
action of penicillin is apparent only 
under very restricted test conditions. 
The poor tolerance of normal guinea 
pigs to penicillin has been described by 
several investigators,7:6:!7 


TABLE 2.—Serum and urine levels of chloramphen- 
icol in dogs infected with Lept. icterohaemorrha- 
giae and treated with chloramphenicol in oral 

doses of 100mg/kg twice daily. 


Days Hours 
drug had after last 

been dose o' 

given drug 


Chloram- 
phenicol 
in wg /ml 


Dog no Sample 


1 (untreated) 


Serum <1 
rine ay 


4* 
Serum 
Urine 


22 
1040 


1120 
1670 


2 
2 
Serum 13 2 30 
6 
6 


Urine 10 
Urine 13 


* Slight inhibition of the assay organism, Sh. sonnei, oc- 
«re 
Leptospirosis in young dogs induced 
with strain 1.—Four litter mates, raised 
in the laboratory, were inoculated intra- 
peritoneally when 2 months old with a 
suspension of liver and kidney from 
hamsters infected with Lept. ictero- 
haemorrhagiae. Leptospiras were first 
seen in the urine 14 days later. Two of 
the animals were then treated with 
chloramphenicol. The drug was given 
15. Augustine, D. L., Weinman, D. and McAllis- 
ter, J. 1944, New England J. Med. 231: 
358-359. 

. Hamre, D. M., Rake, G., McKee, C. M. and 
McPhillamy, H. B. 1943, Am. J. M. Sc. 204: 
642-652. 

. Cormia, F. E., Lewis, G. M. and Hopper, 
M. E. 1947, J. Invest. Dormat. 9: 261-267. 


orally in gelatin capsules twice daily in 
doses of 200 mg/kg/day for 14 days. 
The other 2 dogs were observed without 
medication. 

Evidence that chloramphenicol was 
absorbed well in both animals was pro- 
vided by the finding of large amounts 
of the drug in the serum and urine dur- 
ing therapy (table 2). Leptospiras con- 
tinued to occur in the urine of all 4 ani- 
mals during and after the period of drug 
administration, and were present in the 
serum of all 4 animals after the treat- 
ment period. 

Fourteen days after discontinuing 
chloramphenicol therapy, the 2 dogs 
previously treated with this drug were 
treated with Penicillin SR. This was 
given intramuscularly twice daily for 
10 days in doses of 17.14 mg/kg/day. 
Such doses of the drug are far in excess 
of those adequate for maintaining con- 
tinuous therapeutic levels (>0.03 Inter- 
national Units/ml) in the bloodstream.'* 
Although leptospiras were not consist- 
ently demonstrable in the urine during 
this treatment, they were found in the 
urine and serum of both dogs after treat- 
ment. Leptospirosis also was induced in 
guinea pigs with post-treatment serum 
from each dog. 

No elevation of rectal temperature 
was encountered in any of the 4 dogs, 
and none of them appeared to be ill 
during an observation period of 2 
months. Since leptospiras were not 
eradicated by either drug these tests pro- 
vided no definite evidence that either 
was effective except that organisms 
were found in the urine less regularly 
during penicillin therapy than chloram- 
phenicol therapy or the absence of 
treatment. Mills'* found that penicillin 
was only irregularly effective against 
Lept. icterohaemorrhagiae infections in 
dogs. 


18. Gruhzit, O. M. 1951. Unpublished data. 
19. Mills, S. 1948, Vet. Rec. 60: 267-271. 
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In vitro effects of chloramphenicol, sub- 
tilin and penicillin G.—Strain 1 cul- 
tures were transferred biweekly but 
growth was always scanty during an 
observation period of 3 months. Chor- 
amphenicol and sodium penicillin G 
were tested at concentrations of 133, 
13.3 and 1.33 ug/ml. In the first test 
bacterial contamination occurred in all 
tubes, but motile leptospiras were ob- 
served at 48 hours. These preparations 


TABLE 3. 


with penicillin G, but was not appreci- 
ably greater with increasing concentra- 
tions of the drug. 

Penicillin has exhibited an inhibitory 
effect in vitro on most strains of Lept. 
icterohaemorrhagiae** but not a com- 
pletely lethal action.*§ In tests con- 
ducted by Abraham et al,”° Lept. ictero- 
haemorrhagiae appeared to be insensitive 
to penicillin, 

Drug plasma levels in hamsters, guinea 


Comparison of plasma levels of chloramphenicol and of nitro compounds in various 


species of animals after a single subcutaneous injection of chloramphenicol. 


Number 
of animals 
per 
interval 


Drug 
dose 
mg/kg 


Animal 
Hamster 5 100 
Hamster 5 80 
Hamster 5 20 
Guinea pig 


Rat 


Mouse 10 50 


Chloramphenicol and nitro compounds in ug/ml of plasma at 


hours after injection 


1/2 2 


15 13t 
40 48t 


25 19 
51 46 


21 19, 16 
33 34, 29 


*End points could not be determined due to excessive hemolysis of specimen. 


t Results from one animal. 


and the test was re- 
peated. In the latter instance, motile 


were discarded 


leptospiras persisted in all tubes until 
they were discarded 10 days later. Due 
to the small numbers of organisms it 
was not possible to determine whether 
growth had been inhibited. However, 
these tests demonstrated that neither 
drug in high concentrations had a lethal 
effect. 

Strain 2 grew luxuriantly in culture. 
Chloramphenicol, subtilin and _ potas- 
sium penicillin G were tested at con- 
centrations of 256, 64, 16, 4.and 1 ug/ml. 
Cultures were examined 24 hours after 
the addition of drug in one test and 24 
and 48 hours after the addition of drug 
in a second test. Motile organisms per- 
sisted at all concentrations of each drug. 
Suppression of the number of lepto- 
spiras was apparent only in tubes treated 


pigs and other laboratory animals. 

Parallel determinations were made of 
plasma levels of chloramphenicol and of 
total nitro compounds, including chlor- 
amphenicol, in uninfected hamsters, 
guinea pigs and rats at various intervals 
following subcutaneous injection of an 
aqueous solution of the drug. These 
data and similar determinations in mice! 
are presented in table 3. Chlorampheni- 
col was absorbed into the bloodstream 
rapidly in each species but was rapidly 
degraded or excreted. Rapid degrada- 
tion of the drug is evident by com- 
parison of the chloramphenicol levels 
with those of the nitro compounds at 


20. Abraham, E. P., Chain, E., Fletcher, C. M., 
Gardner, A. D., Heatley, N. G., Jennings, 
M. A. and Florey, H. W. 1941, Lancet, 2: 
177-188. 
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corresponding intervals. These results 
indicate hamsters and guinea pigs are 
very poor hosts for evaluating the 
chemotherapeutic action of chloram- 
phenicol. While somewhat more favor- 
able drug plasma levels occurred in rats 
and mice, the drug disappeared rapidly 
in these animals in comparison with 
rabbits,” dogs'®” and man.'?4 

Assays for subtilin in the plasma of 
guinea pigs were made after a group of 
4 animals had been injected intraperi- 
toneally with 10 mg of the drug/kg/day 
for 4 days. The drug was given as an 
aqueous solution in divided doses. Sam- 
ples at 1, 4 and 16 hours after the last 
dose contained less than 1.6 ug/ml of 
plasma, which was the lowest level 
included in the assay procedure. 

Plasma levels of penicillin were deter- 
mined in hamsters at various intervals 
after subcutaneous injection of an aque- 
ous solution yielding 20 mg of sodium 
penicillin G/kg of body weight. Plasma 
was pooled from 3 or 4 arimals for each 
interval. Penicillin plasma levels in yg/ 
ml were as follows: } hour, 4.8; 4 hour, 
4.8; 1 hour, 0.6; 2 hours, 0.036; 4 hours, 
<0.018; 8 hours, <0.018. Data from 
studies in guinea pigs® and dogs'® suffice 
to show that reasonable plasma concen- 
trations of penicillin may be attained 
in these animals. 


DISCUSSION 


The present chemotherapeutic and 
in vitro tests provide no indication 
that chloramphenicol or subtilin is ac- 
tive against Lept. icterohaemorrhagiae. 
Felsenfeld et al* found chloramphenicol 


t. Gruhzit, O. M. and Fisken, R. A. 1951, Am. 
J. Trop. Med. 31: 329-334, 

. Gruhzit, O. M., Fisken, R. A., Reutner, 
T. F. and Martino, E. 1949, J. Clin. Investi- 
gation, 28: 943-952. 

. Ley, H. L., Jr., Smadel, J. E. and Crocker, 
T. T. 1948, Proc. Soc. Exper. Biol. & Med. 
68: 9-12. 


was effective against the organisms both 
in vitro and in guinea pigs. We are un- 
able to account for the dissimilar results 
observed in the two laboratories. 

Penicillin G was highly effective in 
protecting hamsters against death from 
leptospirosis but failed to eradicate the 
infections. It had only a negligible effect 
in guinea pigs. The limited efficacy of 
penicillin against leptospira also was 
demonstrated here by its failure to 
eradicate infections in dogs or to kill 
organisms exposed to high concentra- 
tions of the drug in vitro. 

The present results with chloram- 
phenicol and penicillin are in line with 
the observations of Hall et al* in human 
leptospirosis. These investigators found 
chloramphenicol, penicillin, streptomy- 
cin and aureomycin were essentially 
ineffective in a critical appraisal of their 
ability to ameliorate the clinical course 
of the disease. 

Yager and Gochenour,” in reviewing 
the problem of leptospirosis in North 
America, have pointed out the need for 
improved diagnostic procedures and the 
lack of a_ specific chemotherapeutic 
agent. 


SUMMARY 


The actions of chloramphenicol, sub- 
tilin and penicillin G were observed 
against Leptospira icterohaemorrhagiae 
in vitro and in experimental animals. 

None of the drugs exhibited lethal 
effect in vitro or eradicated experimental 
infections in hamsters, guinea pigs or 
dogs. Chloramphenicol and_ subtilin 
were ineffective in protecting guinea 


24. Felsenfeid, O., Volini, I. F., Young, V. M. 
and Ishihara, S. J. 1950, Am. J. Trop. Med. 
30: 499-502. 

25. Hall, H. E., Hightower, J. A., Rivera, R. D., 
Byrne, R. J., Smadel, J. E. and Woodward, 
T. E. 1951, Ann. Int. Med. 35: 981-998. 

26. Yager, R. H. and Gochenour, W. S., Jr. 
1952. Am. J. Trop. Med. 1: 457-461. 
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pigs, and chloramphenicol was ineffective 
in protecting hamsters. Penicillin G was 
highly effective in protecting against 
lethal infections in hamsters but was 
less effective in guinea pigs. 

Plasma levels of chloramphenicol and 
of related nitro compounds in hamsters, 
guinea pigs, mice and rats at various 


intervals after subcutaneous adminis- 
tration of chloramphenicol provide data 
on the relative rates of its degradation 
or excretion. These data suggest that 
while each of these animals is of limited 
usefulness in studying the therapeutic 
action of this drug, hamsters and guinea 
pigs are particularly unfavorable hosts. 
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It is generally recognized that one of 
the most important deficiencies in 
malaria chemotherapy is the lack of a 
completely suitable agent for eradicat- 
ing Plasmodium vivax infections. The 
consensus of numerous published re- 
ports indicates that the known efficient 
curative drugs for such infections are 
restricted to the 8-aminoquinolines but 
that toxicity of these compounds, with 
the possible exception of primaquine,' 
limits their usefulness. The diversity of 
compounds having suppressive anti- 
malarial activity”? indicates many path- 
ways are available for antiplasmodial 
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Some of the compounds listed in table 1 and 
tested for curative action were purchased from 
regular commercial sources; the remainder were 
contributed by the following donors: C, F. H. 
Allen and L. G. S. Brooker, Eastman Kodak 
Co.; J. H. Burckhalter, University of Kansas and 
Parke, Davis and Co.; G. Robert Coatney, Na- 
tional Institutes of Health, U. S. Public Health 
Service; J. D. Dutcher and F. Y. Wiselogle, E. R. 
Squibb and Sons; Rk. C. Elderfield, Columbia 
University; Jackson P. English, American 
Cyanamid Co.; L. F. Fieser, Harvard University; 
Henry Gilman, Iowa State College; Marlin T. 
Leffler, Abbott Laboratories; Harry S. Mosher, 
Pennsylvania State College and Stanford Uni- 
versity; C. K. Banks, William R. Coleman, 
Eldon M. Jones, W. F. Kamm, Marie-Jo Sulli- 
van, F. H. Tendick, and E. L. Wittle, Parke, 
Davis and Co.; The Dow Chemical Co.; Grasseli 
Chemical Department, E. I. duPont de Nemours 
and Co.; The Lilly Research Laboratories; Na- 
tional Aniline Division, Allied Chemical and Dye 
Corp.; U. S. Industrial Chemicals, Inc. 

1. Edgcomb, J. H., Arnold, J., Yount, E. H., Jr., 
Alving, A. S. and Eicheberger, L. 1950, J. Nat. 
Mal. Soc. 9: 285-292. 

2. Wiselogle, F. Y. 1946, A Survey of Anti- 
malarial Drugs, 1941-1945, 2 vols, Ann Arbor, 
J. W. Edwards. 


action. These considerations have stim- 
ulated screening for curative action 
among such available suppressive com- 
pounds. For this purpose a relatively 
expedient avian test was developed and 
utilized in evaluating the curative action 
of various classes of drugs and drug 
combinations. The test procedures and 
results attained constitute the present 
report. 


MATERIALS AND METHODS 


Infections of Plasmodium lophurae (strain 
12A) in white Leghorn chicks were used. Infec- 
tions were initiated by the intravenous inocula- 
tion of parasitized blood taken from donors with 
acute infections. Heparin was used as the anti- 
coagulant in all inoculations. Chicks were 
initially infected, usually when 7 or 8 days old, 
with 110° parasites/kg of body weight. Enu- 
meration of the parasitemia was done from 
Giemsa-stained blood smears by the method of 
Marshall, Litchfield and White.* Blood smears 
were recorded as negative when parasites were 
not seen in 100 oil immersion fields (<0.01% of 
cells parasitized). Drugs were administered in a 
diet of commercial chick mash supplemented 
with 3% brewers yeast and 3% whole liver 
powder. Chicks were kept, except as noted, on an 
alternating 4-hour schedule of light and darkness. 
Drug intakes were calculated for groups of chicks 
and expressed in mg of free base/kg/day. 

The suppressive action of drugs was deter- 
mined by treating from 24 hours before inocula- 
tion until smears were examined on the 4th or 
5th days after inoculation. These tests included 
6 untreated birds and groups of 3 birds for each 
diet concentration of drug. Quinine served as the 
reference drug and was used at 2 diet concentra- 
tions in each experiment. The geometric mean 
percentage of cells parasitized was determined at 
or near the peak of the infection, and efficacy of 
test agents was expressed in terms of the quinine 


3. Marshall, E. K., Jr., Litchfield, J. T., Jr. and 
White, H. T. 1942, J. Pharmacol. & Exper. 
Therap. 75: 89-104. 
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equivalent (see chapter by E. K. Marshall, Jr. in 
Wiselogle?), Quinine equivalents were deter- 
mined from the ratio of drug diet concentrations 
producing comparable suppression, except in 
instances of marked discrepancy from the usual 
rate of feeding. In the latter cases actual drug 
intakes were calculated and used in determining 
the quinine equivalent. This test is designated 
LC in the text and tables. The quinine equiva- 
lents were assigned on the basis of several tests, 
were relatively reproducible and are presumed to 
be accurate within a factor of 2. 

The effects of biotin on latent infections were 
determined by maintaining chicks on a diet con- 
taining 80% of the previously described mash 
and 20% egg albumin (Braun Manufacturing 
Co.). Biotin determinations were made on whole 
blood mixed with sodium citrate. Lactobacillus 
arabinosus served as the test organism and growth 
was measured by the method of Wright and 
Skeggs.‘ 

Apparatus for low oxygen tension studies con- 
sisted of a 9-liter desiccator jar (into which 
the birds were placed) attached in series to a 
buffer tank of 12,400 liter capacity, a mercury 
manometer and a vacuum pump. The manom- 
eter was of a type commonly used in laboratories 
to control the degree of negative pressure by 
allowing air to bleed through a column of mer- 
cury oi appropriate depth. Air was drawn through 
the desiccator jar at a rate of 2 liters/minute and 
the pressure within the system fluctuated be- 
tween 37 and 40 cm Hg. 


EXPERIMENTAL PROCEDURES AND 
RESULTS 


I. Observations pertinent to the develop- 
ment of a test for evaluating curative 
action of drugs 


The general course and duration of 


untreated lophurae chick infections.— 
Inasmuch as the observations in this 
phase of the study corroborated the 
findings of Taliaferro and Taliaferro® 
they need not be described in detail. 
Briefly, it was observed that following 
intravenous inoculation of week-old 
chicks with 110° parasites per kg the 


4. Wright, L. D. and Skeggs, H. R. 1944, Proc. 
Soc. Exper. Biol. & Med. 56: 95. 

5. Taliaferro, W. H. and Taliaferro, L. 
J. Infect. Dis. 60: 153-165. 


G. 1940, 


infections produced peak parasitemias 
(usually 45 to 50% of the cells para- 
sitized) on the 4th or 5th day, declined 
to latency around the 7th to 10th day, 
occasionally exhibited mild relapses 
during the ensuing 2 or 3 weeks, but 
were rarely fatal. Data to be presented 
subsequently indicated the infections 
were regularly demonstrable by sub- 
inoculation for at least 2 months and 
conferred strong immunity to super- 
infection. 

Efforts to induce relapses.—Birds used 
in these studies had been infected for 
periods of 10 to 30 days. Blood smears 
were examined immediately before and 
for several days after the experimental 
procedures. 

Protein shock, alone and in conjunc- 
tion with splenectomy, failed to induce 
relapses. Elevation of the rectal tem- 
perature served as an indication of 
the protein inoculums. 
Observations were made in the indicated 
number of chicks after 
or intravenous 
amounts of 


reaction to 


intramuscular 
injection of varying 
typhoid vaccine (12), 
sterile skimmed milk (5), rabbit blood 
(5), and purified Bacillus typhosus 
pyrogen (6 [supplied by Dr. Gertrude 
Rodney of these laboratories]). Only 
slight hyperthermia occurred with any 
of these agents. Splenectomy and pyro- 
gen in 5 chicks or splenectomy alone 
(9 chicks) also failed to induce relapses. 
The latter the 
findings of 


observation confirms 
Terzian.® 
Studies by others’~'’ indicated that 


lophurae infections were more severe in 


6. Terzian, L. A. 
220. 
lrager, W. 1943, J. Exper. Med. 77: 557 
582. 

. Trager, W. 1947, J. Exper. Med. 85: 663-683. 

. Trager, W. 1947, Proc. Soc. Exper. Biol. & 
Med. 64: 129-134. 

. Seeler, A. O., Ott, W. H. and Gundel, M. E. 
1944, Proc. Soc. Exper. Biol. & Med. 55: 
107-109. 


1946, J. Infect. Dis. 79: 215 
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biotin-deficient chicks than in normal 
chicks. Consequently, 29 chicks were 
given the egg albumin diet for 16 days, 
starting 10 days after infection, and 21 
similarly infected chicks maintained on 
the regular diet were included for con- 
trols. Blood smears were examined dur- 
ing this treatment and for 6 days there- 
after. Although a moderate degree of 
biotin deficiency (40 to 50% reduction 
in blood concentrations) was achieved 
by feeding the egg albumin diet, the 
number of relapses was not increased 
over that in chicks fed the regular diet. 
indicated that 
deficiency had no discernible 
effect upon acquired immunity (cf. also 
Trager’). 


These data moderate 


biotin 


Other methods unsuccessful in pro- 


voking relapses included injections of 
insulin or B-hypophamine, chilling, and 
subjecting animals to low oxygen ten- 
sion (partial pressures of approximately 
75 to 80 mm Hg). The latter method has 
served as a 


relapse provocative for 


cathemerium infections in 


canaries."' However, in the present work 


Plasmodium 


no relapses were observed among 12 
chicks maintained under low oxygen 
tension for periods of 24 to 72 hours, 
and considerable mortality 
maintained 


occurred 
among birds under these 
conditions. 

Blood smear examination, subinocula- 
tion and reinoculation procedures as 
criteria for determining when infections 
have been eradicated.—WDuring the fore- 
going studies and from other observa- 
tions over several years, it had become 
quite apparent that chicks with un- 
treated or treated latent infections 
frequently yield negative blood smears 
on repeated examination. 

To provide information on the de- 


pendability of subinoculation for dem- 


11. Gajewski, J. E. and Tatum, A. L. 1944, J. 
Infect. Dis. 74: 85-92. 


onstrating latent infections, data were 
examined from the subinoculation of 
198 untreated birds. Blood from an 
infected animal was inoculated into an 
uninfected chick and the latter was 
examined for a patent infection at in- 
tervals of 2 to 3 days over a period of 
17 days. It was found that untreated in- 
fections could be demonstrated invari- 
ably in chicks through 57 days of age 
and infected over periods of 17 to 49 
days by transferring 0.5 to 1 ml of blood 
to recipients from 2 to 9 days of age or 
2 ml of blood to those from 10 to 17 
days of age. Evidently untreated in- 
fections could be demonstrated over a 
much longer period” and possibly smal- 
ler amounts of blood would be adequate. 
These results are in direct contrast with 
those of Terzian,'* who was unable to 
demonstrate latent infections by sub- 
inoculation. 

Generally, subinoculation procedures 
comparable to the foregoing proved 
efficient in demonstrating latent infec- 
tions in animals after treatment. Occa- 
sional failure to detect residual infec- 
tion in treated birds by subinoculation 
did occur and was considered to have 
resulted either from severe suppression 
of the infection or from retention of the 
drug following treatment. To circum- 
vent such effects, reinoculation and a 
second subinoculation usually provided 
reasonable evidence of cure 
proof of residual infection. 

Interpretation of reinoculation as a 
test of cure required determining the 
effects of (1) latent infection or pre- 
munition, (2) age susceptibility of the 
birds, (3) the number of parasites used 
for reinoculation, (4) drug retention on 
susceptibility to reinoculation and (5) 
immunity following termination of an 


or gave 


12. Kelsey, F. E., Oldham, F. K. and Gittelson, 
A. L. 1946, Fed. Proc. 5: 185. 
13. Terzian, L. A. 1941, Am. J. Hyg. 33: 1-22. 
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initial infection. With regard to effects 
of latent infections, observations on 76 
birds reinoculated with 2.510 or 


5X10° parasites/kg of hody weight 


confirmed the existence of strong im- 


munity to reinoculation. 

One the basis of these observations, 
and other 
reinoculation 
would be indicative of residual infection, 
while susceptibility would indicate ab- 
sence of residual infection unless relapse 
of the initial infection had supervened. 
The recognition of such relapses would 
be requisite for interpreting the effects 
of reinoculation. For this purpose sub- 


ignoring for the moment 


factors, resistance to 


inoculation immediately prior to re- 


inoculation was selected as the most 
satisfactory procedure and was _ used 
throughout the study. 

Birds reinoculation 


would be considered uncured unless age 


refractory to 


resistance, drug retention or immunity 
persisting after cure 
Although relative age 
lophurae chick infections is well known 
and has been confirmed by various in- 


are involved. 


resistance in 


vestigators since Coggeshall’s report," 
severe infections (approximately 50% 
or more of the cells parasitized) usually 
were induced in birds up to 76 days old 
when 5X10° 
were 


parasites/kg of 
injected. 


body 


weight Severe para- 
occurred in clean 


birds pretreated with curative drugs, 


sitemias regularly 
which served to exclude drug retention 
as a factor influencing subinoculation 
or susceptibility to reinoculation. 

The remaining factors influencing 
response to reinoculation are the effects 
and duration of immunity conferred by 
infections that had been cured after the 
acute phase of the disease. Although no 
data pertinent to this problem were 
available for lophurae chick infections, 


helpful information was provided by 


14. Coggeshall, L. T. 1938, Am. J. Hyg. 27: 615 
618. 
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observations on the duration of im- 
munity following cure of established 
infections of Plasmodium knowlesi in 
rhesus monkeys" and of P. cathemerium 
in canaries.'® Gingrich’ observed pro- 
gressive diminution in immunity over 
periods of 1 to 8 months after cure and 
after 4 
canaries was sufficient to 
permit reinoculation as a test of cure. 
In chicks infected with P. lophurae, 
diminution in immunity after cure fol- 


concluded loss of resistance 


months in 


lowed the pattern observed in cathe- 
merium canary infections but appeared 
to occur more rapidly. Chicks judged 
cured on the 
when reinoculated 26 or more days after 
therapy usually developed by the 4th 
day more than 25% as many parasites 


basis of subinoculation 


as the reinoculation infection controls. 
Such parasitemia levels in treated ani- 
mals were considered adequate evidence 
of susceptibility to reinoculation. Daily 
parasite counts following reinoculation 
in a group of chicks considered cured 
did not yield sufficient additional in- 
formation beyond that apparent from 
the 4th day counts to be considered 
worthwhile. 

The curative test procedure.—The out- 
come of the foregoing considerations and 
observations, along with experience 
gained from a large number of experi- 
ments conducted under a variety of 
procedures, resulted in the following 
for evaluating the 
action of a potential drug. Chicks from 


routine curative 
the same batch are divided into 4 sub- 
groups as follows: I—infected untreated 

serving as controls for the initial 
infection, for subinoculations and for 
response of infected animals to reinocu- 
lation; Il—infected treated; I1]—Un- 


infected treated—given drug along with 


15. Maier, J. and Coggeshall, L. T. 
Exper. Med. 79: 401-430. 


16. Gingrich, W. D. 1948, J. Nat. Mal. Soc. 7: 
109-117. 


1944, J. 
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TABLE 1.—Drugs tested for curative action. 


Suppressive 
Drug code activityt 
no.** (quinine 
equivalent) 


Substance tested 


Naphthoquinones 
SN 12,320 1¢ 2-(3-decahydro-2-naphthyl) propy!]-3-hydroxy-1,4-naphthoquinone, m.p. 126 ¢ 
CN 10,443tt lapinone; 2-(9- ~amyl- 9- hydroxytetradec yl)- 3-hydroxy-1, 1.4- naphthloquinone 


&- eminoguinclines 
191* certuna; cilional 
971 pamaquine* 
1,452 8-(3- aminopropylamino)-6-met hoxyquinoline” 
3, 851* 8-(5-aminoamylamino) -6-methoxyquinoline® 
: 8-(4-aminobut ylamino)-6-methoxyquinoline® 
4,7 = (2,5-dimethyl-1-pyrryl)-6-methoxyquinoline 
-(3-aminopropylamino) -5,6-dimet hoxyquinoline 
Pm 8-(4-amino-1-methylbutylamino) -6-met hoxyquinoline® 
13,274 isopentaquine; 8-(4-isopropylamino-1-methylbutylamino)-6-methoxyquinoline 
13,276 : pentaquine; 8-(5-isopropylaminoamylamino)-6-methoxyquinoline 
13,694 5-chloro-8-(6-diet hylaminohexylamino)-6-met hoxy quinoline* 
14,011 : (6-diet hylaminohexylamino) -6-methoxylepidine 
15,311* -(3-isopropylaminopropylamino) -6- methoxylepidine” 
15,322* ya methoxy-8-(5-propylamino-1-methylamylamino) - quinoline” 
3,028* 7-chloro-6’-met hoxy-4,8’-(trimethylenediimi no) -diquinoline 2b 
Miscellaneous 
112 sulfadiazine é 
118* ae 3,7-bis(dimethylamino) phenazathionium ion' 
359 quinine) 
390 quinacrine* 
475 forbisen 
2,922* dimethyldithiocarbamic acid, copper II salt 
4,395* 6-dimethylamino-2-[2-(2,5-dimethyl-1-phenyl-3-pyrry]) vinyl]-1-methylquinolinium 
ion 
4,705* : isopert hioc yanic acid 
6,771 2t 6-6'-diallyl-a, a’-bis(diethylamino) -4,4’-bi-o-c ‘resol? 
6, 865* 3,7-diacetamido-5-phenylphenazinium ion! 
7,744* t 4-tert-butyl-a-diethylamino-6-phenyl-o-cresol™ 
8,137 oxychloroquine; 1-(7-chloro-4-quinolylamino)-3-diethylamino-2-propanol® 
8,617 4-(6-chloro-2-methoxy-9-acridylamino) -a-diet hylamino-o-cresol” 
9, 583* 8,8’-dithiobis[5-acetamidoquinoline]} 
10,751 d amodiaquin; Camoquin; 4-(7-chloro-4-quinolylamino) -a-diethylamino-o-c resolk 
11,437 q metachloridine; N'-5-chloro-2-pyrimidyl) metanilamide 
11,743* nitroethane 
12,446* 2-chloro-N,N-dimethylpropylamine™ 
12 ,447* thiocyanic acid, diester with 2,2’-(methylimino)-diethanol™ 
12,837 chloroguanide; proguanil™ 
12,870* gliotoxin 
2, 980* : 2-hydroxyarsanilic acid 
2,982* ; 2,4-diamino-6,7-diphenylpteridine 
2,999* d 4-(7-chloro-4-quinolylamino) -a-isobut ylamino-o-cresol® 
3,005 < § chloramphenicol 
3,018" 5-amino-7-(diethylaminomethy])-8-quinolinol® 
3,023* , B-resorcylic acid® 
3,047* 4-tert-butyl-a-{(2-chloroethy])ethylamino]-6-phenyl-o-cresol™ 
3,053* ‘ 7-chloro-4-(a- -diethylamino-4- methoxy-m-toluidino) quinoline 
‘N 3,890* a,a-dithiodiformamidine 
N ,676" ethionine; a-amino-y-(ethylmercapto) butyric acid, dl-form 
"N 9,271" : 4’-dimethylamino-4-stilbazole 


* No data on the curative action of these agents was found in a review of the literature. 

** Explanation of code numbers: SN numbers as in Wiselogle;? DR numbers as in Antimalarial Drug Repository, National 
Institutes of Health, U. S. Public Health Service; CN numbers as in Central Records Office, Research Laboratories, Parke, 
Davis and Co 

t Activities, except as indicated, measured by the LC test method (see section on Materials and Methods) 

tt All tests by intramuscular injection twice daily of drug solutions in 1.5% gelatin, pH 9. 

** Drug was given in 8 doses as follows: Ist, 2 hours before infection; 2nd, 4 hours 7 me infection and remaining 6 doses 
at approximately 8:30 a.m. and 4:00 p.m. during the next 3 days. Effects on the parasitemia were determined 4 days after 
infection, 

t QO-8 test.* 

§ B-8 test.? 

® Tested as the monohydriodide. 

> Tested as the dihydrochloride 

Tested as the dihydrochloride, monohydrate 

4 Tested as the dihydrochloride, hemihydrate. 

© Tested as the diphosphate. 

Tested as the monophosphate. 

® Tested as the monohydrobromide. 

» Tested as the monooxalate. 

* Tested as the monochloride, trihydrate; methylene blue 

+ Tested as the monohydrochloride, sesquihydrate. 

k Tested as the dihydrochloride, dihydrate. 

Tested as the monochloride 
Tested as the monohydrochloride. 
® Tested as the trihydrochloride 

© Tested as the hemihydrate. 


m 
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group II and serving as drug controls 
for reinoculation; IV—uninfected un- 
treated—serving as infection controls 
for reinoculation. Three to six chicks 
are used for each of groups I, III and 

IV, while 10 or more are used for group 
II. The test is then conducted as follows: 

A pproximate 

age of birds 

(days) 

8 Groups I and II infected intra- 
venously with 1X 10° parasites /kg 
body weight. 

Initial 
blood smear examination. 


Procedure 


13 infections confirmed by 


15 through 22 Groups II and III treated at maxi- 
mum level tolerated by infected 
chicks and by a route known to be 
suitable for achieving antimalarial 
action with the test compound. 

First approxi- 
mately 1 ml blood injected intra- 
venously into uninfected week-old 
chicks, which are then examined at 


2- to 3-day intervals during ap- 


subinoculation 


proximately 17 days. 

conducted 
and followed through as the first 
subinoculation. 

All 4 groups inoculated with 5 x 10% 
parasites/kg body weight. 


Second subinoculation 


Blood smears examined for per- 

centage of cells parasitized. 
Birds are considered cured only when 
both fulfilled, namely, 
failure to yield infection upon subinocu- 


criteria are 


lation and susceptibility to reinoculation 


indicated by a 4th day parasitemia at 


TABLE 2. 


Dose in curative test 
(mg /kg daily X7 Days) 
Compound 
no Naphtho- 
quinone 
Drug 
SN 12,320* 100 
155 
231 
73 
145 
314 
141 
118 


Quinine 
Quinine 
Quinine 
Pamaquine 
Amodiaquin 


CN 10,443f 28 


* All tests by the drug diet method 


Other therapy 
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least 25% as high as that in pristine 
hosts. 


II. Chemotherapeutic results 


Code numbers and names of drugs 
tested for 
suppressive 


and_ their 
listed in 
table 1. Forty-nine agents representing 


curative action 


activities are 
at least 23 chemical series are included. 
Each drug or drug combination was 
tested at near the highest possible level 
and in many instances at levels exceed- 
ing the tolerance of substantial propor- 
tions of the birds. Most of the chicks 
failing to survive the tests died from 
drug toxicity; in other instances acci- 
dental deaths and incomplete records 
reduced the number available for assess- 
ing the percentage cured. 

Curative action was observed in only 
the 
among naphthoquinones and 8-amino- 


two of chemical series, namely, 
quinolines. 

Two naphthoquinones, SN 12,320 and 
CN 10,443, (table 2). 


Supplementary treatment with quinine 


were curative 
or amodiaquin did not yield a greater 
of SN 
12,320 was given alone. However, simul- 
taneous treatment with SN 12,320 and 
pamaquine cured more birds than would 


proportion cures than when 


be expected from the additive curative 
effects of the drugs individually (see 
table 3 for data on the effects of pama- 


The curative action of naphthoquinones, alone and in combination with other drugs. 


Number of chicks 
Percent 
survivors 
cured 
Survived 
Amount 


1 All tests by intramuscular injection twice daily of drug solutions in 1.5% gelatin, pH 9 
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quine, SN 971, alone). These results are 
in agreement with the conclusion of 
Walker Richardson" that such 
drugs act synergistically in curing avian 
malaria. 

SN 12,320 and the related naphtho- 
quinone, SN 8,557, have curative action 
in a variety of, but not all, types of 
avian malaria. SN 8,557 alone or with 
quinine failed to blood-induced 
infections of Plasmodium gallinaceum 
in’ chicks.'® The stage of infection 
treated was not specified. In contrast, 
SN 8,557 cured both mosquito- and 
blood-induced infections of P. catheme- 
rium in canaries treated during various 
the disease, but SN 12,320 
failed to cure such infections during 
acute the SN 
12,320 also failed to cure acute mos- 


and 


cure 


stages of 


phases of disease.'* 
quito- and blood-induced infections of 
P. gallinaceum in chicks but appeared 
to cure infections?® SN 
12,320 cured blood-induced P. catheme- 


such chronic 


rium infections in ducks treated the day 
before or 6 days after the injection of 
parasites.'” 


In contrast to the curative effects 
of SN 8,557 and SN 12,320 in certain 
types of avian malaria, neither drug 
appears promising for curing vivax 
malaria. Ruhe et al*! failed to achieve 
cures with SN 8,557. Moreover, binding 
by plasma protein and rapid degrada- 
tion in mammalian hosts of 


naphthoquinones®-* discourages 


such 
fur- 


17. Walker, H. A. and Richardson, A. 
J. Nat. Mal. Soc. 7: 4-11. 

18. Coatney, G. R. and Cooper, W. C. 1945, 
Malaria Rep. no. 470, Board for the Co- 
ordination of Malarial Studies. 

. Gingrich, W., Schoch, E. W., Schwab, M. 
and Shepherd, C. C. 1947, Am. J. Trop. Med. 
27: 147-152. 

20. Clarke, D. H. and Theiler, M. 1948, J. In- 
fect. Dis. 82: 138-162. 

. Ruhe, D. S., Cooper, W. C., Coatney, G. R. 
and Josephson, E. S. 1949, Am. J. Hyg. 49: 
361-366. 


P. 1948, 


ther consideration of them as curative 
antimalarials. 
CN 


directed 


10,443 emerged from studies 

toward developing an anti- 
malarial naphthoquinone that would be 
affected less by mammalian hosts than 
the foregoing naphthoquinones. Evi- 
dence of suppressive and possibly of 
curative action by this drug in vivax 
malaria has been recorded*:?? but addi- 
tional study is needed to evaluate its 
usefulness in the latter respect. Un- 
fortunately, poor absorption from the 
gastrointestinal tract™® and difficulties 
associated with its parenteral adminis- 
tration may deterrents to 
further interest in this drug. 


serve as 


Fifteen 8-aminoquinolines were tested 
and 6 were found to have curative action 
(table 3). Among these, SN 13,274, 
SN 13,276 and DR 15,322 were the 
most effective. These compounds re- 
semble each other in having side chains 
with secondary terminal amines. Com- 
pounds with primary or tertiary ter- 
minal amines in the side chain usually 
were less effective. Five of the 8-amino- 
quinolines were administered concur- 
rently with quinine and one, SN 971, 
was given concurrently with SN 7,744, 
but treatment did increase 
their curative actions. It is noteworthy 
that 
manyfold 


such not 


doses necessary for 


than 


cures were 


greater suppressive 


. Heymann, H. and Fieser, L. F. 1948, J. 
Pharmacol. & Exper. Therap. 94: 97-111. 

. Fieser, L. F., Chang, F. C., Dauben, W. G., 
Heidelberger, C., Heymann, H. and Seleg- 
man, A. 1948, J. Pharmacol. & 
Therap. 94: 85-96. 

. Fieser, L. F., Heymann, H. and Seligman, 
A. M. 1948, J. Pharmacol. & Exper. Therap. 
94: 112-124. 

. Fieser, L. F. and Leffler, M. T. 
Am. Chem, Soc. 70: 3151-3155. 

. Fawaz, G. and Fieser, L. F. 1950, J. Am. 
Chem. Soc. 72: 996-1000. 

. Fawaz, G. and Haddad, F. S. 
Trop. Med. 31: 569-571. 


Exper. 


1948, J. 


1951, Am. J. 
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ABLE 4. 


Comparison of present curative appraisal of 8-aminoquinolines 


with other curative appraisals. 


Time treat- 

ment startec 

relative to 
time of 
infection 


Supple- 
mentary 
chemo- 
therapy 


Species of 


Drug Plasmodium 


SN After 


Alter 


191 lophurae 


r e 
Quinin eines 
SN 971 
(Pamaquin) 


After 

After Quinine 
After SN 7,744 
After SN 12,320 
After 

Before 

After (1 day) 
After (2 days) 
Before 

After 

Before 
Before 

After 

After 

After 

From time of 
After 


lophurae 
lophurae 
lophurae 
lophurae 
lophurae 
lophurae 
lophurae 
lophurae 
cathemerium 
cathemerium 
cathemeritum 
cathemertum 
cathemerium 
gallinaceum 
gallinaceum 
gallinaceum 
cynomolgi 


SN 
SN 


12,320 
5,949 


Quinine 


After Quinine 


cynomolgi 


After 
After 


vivax 
Quinine vivax 


SN 1,452 After 


lophurae 
Before 


lophurae 


SN 13,272 
(Primaquin) 


After 
After 
After 
After 


lophurae 
lophurae 
vivax 
vivax 


Quinine 
Quinine 
SN 13,274 


(lsopenta- 
quine) 


After 


lophurae 
After 


Quinine tvax 


lophurae 
lophurae 
cathemerium 
cathemerium 
cathemerium 
cynomol gi 


SN 13,276 
(Pentaquine) 


After 
After 
Before 
Before 
After 
After 


Quinine 


SN 
SN 


12,320 
12,320 


After Quinine cynomolgi 


After Quinine vivax 
lophurae 
vivax 


SN 13,694 After 


After Quinine 


SN 14,011 After 


After 


lophurae 
vivax 


Quinine 


* No curative 


Chick 


action occurred if donor infections contained many exoerythrocytic 


Method of 


infection 


Degree of cura- 
tive action 


Host 


Reference 


Blood 
Mosquito 


None This paper 
None 28 


Blood Moderate 
Blood Slight 
Blood Slight 
Blood H 
Blood I 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Blood 
Mosquito 
Mosquito 
Blood 
Mosquito 


This paper 
This paper 
This paper 
igh This paper 
oderate to high 12 
Moderate 29 
Moderate 
None 
Moderate 
None 
High 
High 
None 
None 
None 
None to slight* 
Curative 

(degree not given) 
Curative 

(degree not given) 
Slight i 
Slight to high 38 


Monkey 
Monkey 


Man 
Man 


Mosquito 


Mosquito 
Mosquito 


Chick 
Duck 


Blood 
Blood 


None This paper 

High 30 

This paper 

This paper 
1 


Chick 
Chick 
Man 
Man 


Blood 
Blood 
Mosquito 
Mosquito 


Blood 
Mosquito 


Slight 
None 
Moderate 
High i 


High 
High 


Chick 
Man 


This paper 
28, 39 


This paper 
This paper 


High 
Moderate 
Slight 
High 
High 
Curative 
(degree not given) 
Curative 
(degree not given) 
Moderate to high 


Blood 
Blood 
Blood 
Blood 
Blood 
Mosquito 


Chick 
Duck 
Duck 
Duck 
Monkey 


Monkey Mosquito 


Man Mosquito 


7 ‘Blood 
Mosquito 


This paper 
28 


Chick 
Man 


None 
None 
Chick 
Man 


Blood 
Mosquito 


None 


This paper 
None 28 


stages but slight curative action 


occurred if donor infections had been passaged to reduce the number of exoerythrocytic stages. 


that 6 of the 
drugs had high suppressive effect. 


doses and noncurative 

Comparison of the present curative 
appraisals with those of other investi- 
be made with 8 of the 8- 
(table 4). Attention 
may be directed to the most important 


gators can 
aminoquinolines 


aspect of this comparison, namely, the 
the present test 
results and the curative action against 


correlation between 
mosquito-induced vivax malaria. Aside 
from the fact that vivax results are with 
the 8-aminoquinolines and quinine while 


quinine usually was not used in the 
chick tests, a matter which will be con- 
sidered in the discussion, relatively high 
observed. The chief 
discrepancy is that SN 13,272 appears 
to have more dependable curative effect 
in man than in birds. 


correlation was 


Thirty-two agents, tested as repre- 
sentatives of some 21 chemical types, 
had no curative action against estab- 
lished lophurae chick infections (all 
miscellaneous compounds in table 1). 
All of the agents, with the exception of 
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SN 11,437, SN 12,447 and CN 9,271, 
were tested in conjunction with quinine. 
Residual infections in each treated bird 
were demonstrated by subinoculation 
so that it necessary to use 
response to a challenge infection for 
appraisal of curative action by these 
drugs. The following agents failed to 
exhibit appreciable curative action in 
work conducted by others with estab- 
lished avian 


was not 


infections, mosquito-in- 


duced simian malaria or naturally ac- 
quired vivax malaria (Italicized num- 
bers refer to tests with vivax malaria.) : 
SN 112, 41,52,53 SN 359,” 18 29-31 ,33—36 ,40 Al 
SN 390,” 1229-36 ,41,42 SN 475,279.32 344 SN 
6,771,245! SN 8,137,%4 SN 8,617,2 SN 
10,751, SN 11,437,2:18:29.33.54,55,56.57 SN 


28. Alving, A. S., Pullman, T. N., Craige, B., Jr., 
Jones, R., Jr., Whorton, C. M. and Eichel- 
berger, L. 1948, J. Clin. Investigation 27: 
34-55. 

29. Dearborn, E. and Marshall, E. K., Jr. 1946, 
Proc. Soc. Exper. Biol. & Med. 63: 46-48. 

. Marshall, E. K., Jr. 1945, Malaria Rep. no. 
470, Board for the Coordination of Malarial 
Studies. 

. Walker, H. A., Stauber, L. A. and Richard- 
son, A. P. 1948, J. Infect. Dis. 82: 187-196. 

. Richardson, A. P. 1945, Malaria Rep. no. 
470, Board for the Coordination of Malarial 
Studies. 

. Gingrich, W. 1945, Malaria Rep. no. 470, 
Board for the Malarial 
Studies. 

. Taliaferro, W. H. 1945, Malaria Rep. no. 
470, Board for the Coordination of Malarial 
Studies. 

. Bishop, A. and Birkett, B. 
ogy, 40: 149-158. 

. Schmidt, L. H., Fradkin, R., Squires, W. and 
Genther, C. S. 1948, Fed. Proc. 7: 253-254. 

. Sinton, J. A. and Bird, W. 1928, Indian J. 
Med. Res. 16: 159-177. 

. Coatney, G. R. 1951, Parasitic Infections in 
Man, edited by H. Most, New York, Colum- 
bia University Press. 

. Alving, A. S. 1948, Proc. [Vth Internat. 
Cong. Trop. Med. & Mal. 1: 734-741. 

. Coatney, G. R., Cooper, W. C., Ruhe, D. S., 
Josephson, E. S., Young, M. D. and Burgess, 
R. W. 1947, Am. J. Hyg. 47: 120-134. 


Coordination of 


1950, Parasitol- 


12,837 34.36.4560 CN 3005.55 The curative 
effects of SN 359 and SN 390 against 
blood-induced P. gallinaceum in chicks® 
and of SN 390 against blood-induced P. 


41. Coggeshall, L. T., Porter, R. J. and Laird, 
R. L. 1944, Proc. Soc. Exper. Biol. & Med. 
57: 286-292. 

. Cooper, W. C., Ruhe, D. S., Coatney, G. R., 
Josephson, E. S. and Young, M. D. 1949, 
Am. J. Hyg. 49: 25-40. 

43. Gordon, H. H., Dieuaide, F. R., Marble, A., 
Christianson. H. B. and Dahl, L. K. 1947, 
Arch. Int. Med. 79: 365-380. 

4. Coatney, G. R., Cooper, W. C., White, W.C., 
Lints, H. A., Culwell, W. B. and Eyles, D. 
1950, J. Nat. Mal. Soc. 9: 67-73. 

. Coatney, G. R. and Cooper, W. C. 1948, J. 
Parasitol. 34: 275-289. 

. Maegraith, B. G., Adams, A. R. D., 
J. D., Rigby, D. J., Sladden, R. A. and 
Tottey, M. M. 1946, Tr. Roy. Soc. Trop. 
Med. & Hyg. 40: 1-4. 

. Maegraith, B. G., Adams, A. R. D., King, 
J. D., Tottey, M. M., Rigby, D. J. 
Sladden, R. A. 1946, Brit. Med. J. 
905. 

. Fairley, N. H. 1946, Tr. Roy 
Med. & Hyg. 40: 105-151. 

. Johnstone, R. D. C. 1946, Lancet, 251: 825 
826. 

50. Jones, R., Jr., Pullman, T. N.. Whorton, 
C. M., Craige, B., Jr., Alving, A 
Eichelberger, L. 1948, J. Clin. Investigation, 
27: 51-55. 

. Cooper, W. C., Ruhe, D. S., Coatney, G. R., 
Josephson, E. S., Young, M. D. and Burgess, 
R. W. 1949, Am. J]. Hyg. 49: 60-66. 

. Coggeshall, L. T., Martin, W. B. and Bates, 
R. D., Jr. 1945, J.A.M.A. 128: 7-8. 

R., Cooper, W. C., Young, M. 
D., Burgess, R. W. and Smarr, R. G. 1947, 
Am. J. Hyg. 46: 105-118. 

. Brackett, S. and Waletzky, E. 
Parasitoi. 32: 325-339. 

. Cooper, W. C., Ruhe, D. S., Coatney, G. R., 

S. 1949, Am. J. Hyg. 49: 


King 


and 
1: 903 


Soe. Trop. 


. Coatney, G. 


1946, J. 


and Josephson, E. 
355-3060. 

. Gingrich, W. D. 1948, J]. Parasitol. 34: 36. 

. Pullman, T. N., Alving, A. S., Jones, R., Jr., 
Whorton, C. M., Craige, B., Jr. and Eichel- 
berger, L. 1948, Am. J. Trop. Med. 28: 413 
423, 

. Imboden, C. A., Jr., Cooper, W. C., Coatney, 
G. R. and Jeffery, G. M. 1950, J. Nat. Mal. 
Soc. 9: 377-380. 
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cathemerium in ducks*' were observed 
when treatment was started at the time 
of or before infection and was not ob- 
served when treatment was delayed. 
No previous data could be found on the 
curative actions of 29 of the drugs listed 
in table 4. These agents are indicated 
by an asterisk after the code numbers. 


DISCUSSION 


The chief objectives of this study were 
to develop a curative test procedure in 
avian malaria and to apply it to the 
screening of diverse types of compounds 
for curative trial in vivax malaria. 

Selection of P. lophurae in the chick 
was encouraged by the observations of 
Kelsey et al’ that pamaquine had cura- 
tive action when treatment was post- 
poned until after infections had been 
established. Insofar as one can deter- 
mine from the literature this was, and 
continues to be, the only established 
avian infection that can be cured with 
an 8-aminoquinoline. The importance 
of this characteristic resides, of course, 
in the fact that 8-aminoquinolines are 
the only known curative drugs for 
naturally acquired vivax malaria. One 
may object to the use of blood-induced 
lophurae chick infections for curative 
studies since they are not known to 
How- 
ever, this objection seems to be offset 


include exoerythrocytic stages. 


by the finding that drugs with high 
suppressive effect in avian and human 
but natural 
vivax infections also are noncurative for 


malaria noncurative for 
blood-induced lophurae chick infections. 
Included among these drugs are the 
widely used quinine, 
quinacrine, Camoquin and chlorguan- 


antimalarials 


ide. Most, if not all, drugs having sup- 
pressive action against P. vivax can be 
used to cure blood-induced vivax infec- 
tions. Thus, while it is well-established 
that the curative action of many drugs 
in vivax malaria depends upon whether 


infections are induced with parasitized 
blood or with infected mosquitoes, 
this has not been demonstrated in avian 
malaria. On the contrary, the available 
information'®° suggests no appreciable 
difference is associated with the manner 
of infecting if infections are permitted 
to become established before treatment 
is started. 

The criteria for curative appraisal in 
the present work appear to be adequate. 
Chicks were infected heavily; treatment 
was deferred until after the acute phase 
of the blood infection and the onset of 
acquired immunity; drugs were given 
for a week at or very near the maximum 
level tolerated by infected chicks; such 
factors as spontaneous recovery, demon- 
strability of latent infections, drug re- 
tention, age susceptibility, suitability 
of the challenge inoculum and dissipa- 
tion of immunity following cure were 
provided for by the inclusion of suitable 
controls and the temp ral schedule of 
successive steps of the test. 

With the exception of certain naph- 
thoquinones, which have received de- 
tailed consideration in the section on 
chemotherapeutic results, the only cura- 
tive agents encountered were 8-amino- 
quinolines. In contrast to the general 
experience in vivax malaria, the cura- 
tive efficacy of 8-aminoquinolines in 
this avian test was not enhanced by 
simultaneous administration of quinine. 
This discrepancy probably is related to 
the fact that 8-aminoquinolines have 
much less suppressive effect on the para- 
sitemia in vivax malaria than in avian 


malaria (see Wiselogle?). Comparison 
of the curative efficacy of various 8- 
aminoquinolines in vivax malaria with 
their curative action in lophurae chick 
malaria (table 4) does not provide en- 
couragement that this avian test would 


best 8- 
vivax 


the 
curing 


be reliable in 
aminoquinoline 
malaria. 


selecting 
for 





CURATIVE ACTION OI 


Thirty-two compounds, selected from 
21 chemical series, had no curative ac- 
tion although all but 3 of them were able 
to suppress the parasitemia. Nine of 
these, taken from 7 chemical types, also 
are known to be noncurative for vivax 
malaria. 


SUMMARY 

A procedure is described for evaluat- 
ing the radical curative action of anti- 
malarial drugs against established infec- 
tic s of Plasmodium lophurae in chicks. 
Infections are induced by the injection 
of parasitized blood. Treatment is initi- 
ated after the acute phase of the blood 
infection. Appraisal of cure is based on 
the results of subinoculations into clean 
chicks and susceptibility of the treated 
hosts to reinoculation. 

Forty-nine agents, selected from 23 
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chemical series of antimalarial drugs, 


were tested, alone or in conjunction with 
each other. Cures were obtained with 
the naphthoquinones SN 12,320 and 
lapinone, and with the 8-aminoquino- 
lines pamaquine, pentaquine, isopenta- 
quine, primaquine, DR 15,311 and DR 
15,322. No cures occurred with 9 other 
8-aminoquinolines or with other drugs 
including such compounds as quinine, 
quinacrine, Camoquin, chlorguanide, 
sulfadiazine and chloramphenicol. The 
curative efficacy of 8-aminoquinolines 
was not enhanced by simultaneous treat- 
ment with quinine. Evidence of syner- 
gism in curative action was observed 
with SN 12,320 and pamaquine. 

Estimates are included of the suppres- 
sive activity of each drug on the para- 
sitemia of P. lophurae in chicks. 





DURATION OF ACQUIRED IMMUNITY OF SCHISTOSOMATIUM 
DOUTHITTI INFECTIONS IN MICE FOLLOWING TREATMENT 


IRVING G. KAGAN* AND CHANG-LING LEET 


From the Department of Bacteriology and Parasitology, The University of Chicago, 
Chicago 37, Illinois 


A wide range of differences in the du- cerci of Taenia taeniaeformis.* Mice 
ration of acquired immunity has been cured of infections with certain patho- 
observed in animals following spontane- genic trypanosomes are refractory to 
ous recovery from parasitic infections or reinfection for approximately 20 days.‘ 
after effective chemotherapy. In many When the initial infection with hook- 
studies it is impossible to determine worm has been exceedingly severe, re- 
whether the immunity described is an infection after cure will not recur 
immunity to superinfection associated promptly.® 
with a suppressed but still latent or Other infections appear to confer a 
low grade infection or an immunity lasting immunity upon the host follow- 
following the complete eradication of ing eradication of the parasite. Cattle 
the parasite. After radical cure, some _ previously infected with Thetleria parva 
infections are unquestionably followed are completely protected for life.6 Re- 
by a transitory immunity. For example, covery from dermal leishmaniasis pro- 
monkeys radically cured of infection duced by Letshmania tropica confers a 
with Plasmodium knowlesi by chemo- lasting immunity on man. Recovery 
therapy are refractory to reinfection for from experimental infection with the 
3 to 14 months.' Resistance to reinfec- same leishmania in animals, with the 
tion with the same parasite persists in exception of the monkey, does not pro- 
rats for 68 days after cure of an infec- tect the host from infection.’ Rats re- 
tion of Strongyloides ratti? and 60 days covered from: infection with Trypano- 
after the surgical removal of the cysti- soma lewisi or mice with Trypanosoma 


duttoni are reported to be immune to 
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dogs and rabbits infected with Schisto- 
soma japonicum and treated with anti- 
monials were resistant to superinfection. 
In other investigations the experiments 
involved testing immunity in animals 
after the complete eradication of the 
schistosomes. Thus, Vogel and Minning® 
reported that a monkey cured of a pre- 
vious infection with S. japonicum was 
immune 517 days after the end of treat- 
ment. Infections of S. japonicum in 
horses persist for approximately 270 
days.'® Fujinami" found that a horse 
infected 2 years earlier wiih S. japoni- 
cum was immune to infection, whereas 
two normal horses harbored 10,000 and 
20,000 worms, respectively. Infections of 
Schistosoma spindalis in monkeys per- 
sist for 11 days and after spontaneous 
recovery the host is then refractive to 
reinfection for three months.” Further- 
more, in goats infected with S. spindalis 
the complement-fixation test became 
negative 4 to 28 weeks after medica- 
tion.'* 

Previous research conducted in this 
laboratory on the development. of ac- 
quired immunity towards Schistosoma- 


Internat. Med. Trop. & Hyg. (Le Caire, Dec. 
1928) 4: 311-319, 

. Ozawa, M. 1930, Experimental studies on ac- 
quired immunity to Schistosomiasis japonica. 
Jap. J. Exper. Med. 8: 79-84. 

. Vogel, H. and Minning, W. Unpublished pa- 
per, abstracted in Nauck, E. G. 1948, Tropical 
Medicine and Parasitology—Fiat Review of 
German Science, 1939-1946. 

. Narabayashi, H. 1917. Contribution to the 
life history of Schistosoma japonicum, China 
M. J. 31: 80. 

. Fujinami, A. 1917, Immunity to macropara- 
sitic diseases. Can it be acquired? China M. 
J. 31: 81. 

. Fairly, N. H., Mackie, F. P. and Jasudasan, 
F. 1930, Further observations on spontane- 
ous cure in Macacus sinicus. Indian M. Re- 
search Mem. 17: 53-59. 

. Fairley, N. H. and Jasudasan, F. 1930, The 
complement fixation reaction with cercarial 
antigen—a study in experimental serology. 
Indian M. Research Mem. 17: 73-180. 


tium douthittt has shown that mice in- 
fected with both male and female 
worms develop resistance to superin- 
fection for 30 to 127 days (end of test 
period) after initial exposure. In this 
experiment we studied the effect of 
chemotherapy on acquired immunity 
in mice infected with S. douthitti. 


MATERIALS AND METHODS 


Carworth Farms female mice (CF 1) weighing 
approximately 20 g were divided into 4 groups 
at random. Groups 1 and 2 were exposed to 25 to 
30 worms per mouse of both sexes of S. douthitti 
and groups 3 and 4 were kept as normal con- 
trols. Between 31 to 70 days after initial exposure 
of group 1, this group and normal mice in group 4 
were treated with antimonial compounds for 12 
days. After the end of treatment, both treated 
and untreated mice were challenged once with 
50 cercariae percutaneously and were autopsied 
18 to 20 days later. Seven series of mice were 
tested for the duration of acquired immunity 
from 8 to §2 days after the end of treatment. Mice 
in series 1 and 3 to 6 of groups 1 and in group 4 
were administered 12 oral doses of 1.8 to 2.1 
g/kg/day of 2-hydroxy-4-methylol,-4,5,-dihy- 
dro,-1,3,2,-dithiastibiole. Mice in series 2 and 7 
of group 1 and in group 4 were treated with 12 
doses of 0.13 g/kg/day of tri-(n-dodecylmercap- 
to)-s-antimonious acid,* dissolved in peanut oil, 
and injected interperitoneally. The procedures 
used to infect and treat mice and recover adult 
worms are identical with those described in two 
earlier papers.’ 

The size and number of worms recovered from 
the challenging infection in group 1 (infected and 
treated) were compared to worms recovered in 
group 2 (infected and untreated), group 3 (nor- 
mal and untreated), and group 4 (normal and 
treated). The group mentioned last served as a 
control to insure that the cercariae in the chal- 
lenging exposure were not killed by a residuum 
of the drug in the tissues of the host. 


* Both drugs were generously supplied by the 
Abbott Research Laboratories. 
14. Kagan, I. G. 1952, Acquired immunity in 
mice infected with Schistosomatium douthitti. 
J. Infect. Dis. 91: 147-158. 
Kagan, I. G. and Lee, C. L. 1952, Chemother- 
apy of experimental infections of mice with 
Schistosomatium douthitti, Schistosoma man- 
soni and Schistosomatium japonicum, J. In 
fect. Dis. 91: 223-229. 
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All means are given with standard errors. The 
significance of differences between means of indi- 
vidual groups was determined by Student’s ‘'t”’ 
test. Probabilities of 0.05 or less were considered 
significant. 


EXPERIMENTAL RESULTS 


In group 1, mice were exposed to male 
and female S. douthitti, were cured by 
chemotherapy and were then challenged 
once with 50 cercariae 8, 9, 19, 20, 24, 34 
or 52 days after the end of treatment. 


TABLE 1. 
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recovered in treated group 1 and control 
group 3. Approximately three weeks 
after the end of treatment previously 
immune mice lost their acquired im- 
munity. 

A total of 86% of all mice treated in 
group 1 were cured of their infections. 
In the remaining mice 6.3+2.1 worms 
from the first exposure were recovered 
as compared to 30.3 +1.6 worms in un- 
treated mice from group 2. Evidence 


Seven series of mice in group 1 infected with S. douthitti and challenged 8 to 52 days 


after the end of treatment. 


Age of 
infection 
when 
treatment 

started 


Number of mice in groups: 


I 2 


- 


- j 
Ane “Ane 


ee onus 


a 


Drug A =2-hydroxy-4-methylol,-4,5,-dihydro,-1,3,2,-dithiastibiole administered orally in 12 doses of from 1.8 to 


Drugs 


Time lapse Number of worms recovered from 
between 50 cercariae in challenging 
treatment infection in groups: 

and challeng- —— — - 
ing infection II Ill 
28.2 
7.8 
34.4 
25.2 
35.0 
24.2 
7.0 


16.2 


15.2 
16.2 
16.6 
12.0 

5.5 


2.1 


a/kg/day. 
Drug B =tri-(n-dodecylmercapto)-s-antimonious acid administered intraperitoneally in peanut oil in 12 doses of 0.13 
kg /day. 
Group 1 =infected and treated, 2—infected nontreated, 3—normal, and 4—normal and treated. 


Groups 2, 3 and 4 served as controls. 
The average number of worms recovered 
from the challenging infection from all 
7 series in group 1 (infected and treated), 
group 2 (infected and not treated), 
group 3 (uninfected and not treated) 
and group 4 (uninfected and treated) 
were 17.4+1.17, 13.0+0.98, 21.6+1.74 
and 25.4+1.47 worms, 
The differences between the means of 


respectively. 


groups 1, 2 and 3 are statistically signifi- 
cant and indicate that acquired im- 
munity partially disappeared when 
worms were killed by chemotherapy. 
Slightly different worm counts were 
obtained when the first three tests were 
omitted, i.e., mice challenged 8 to 19 
days after treatment. The numbers of 
worms recovered in these series from 
groups 1, 2, 3 and 4 were 20.5+1.35, 
12.5+1.18, 22.4+1.77 and 26.1 +2.32, 
respectively. There is no significant dif- 
ference between the number of worms 


that infected but not treated mice in 
group 2 developed acquired immunity 
to superinfection was noted in each 
series. An average of 25.4% of the cer- 
cariae in the challenging infection de- 
veloped in previously infected mice 
compared to 42.6% in normal controls. 
These differences are statistically signif- 
icant. 

The number of worms recovered from 
the challenging infection in normal, 
treated mice was 25.4+1.65 and from 
normal, untreated mice in group 3 was 
21.6+1.87. Since a larger number of 
worms were recovered in the drug- 
treated controls than in the untreated 
controls there is no reason to believe 
that the drug had any effect on the cer- 
cariae of the challenging infection. 

Of the 84 mice treated in group 1, 
51% survived; of the 33 mice in group 
2, 73% survived; of the 46 mice in 
group 3, 83% survived; and of the 44 
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mice in group 4, 84% survived. Analysis 
of weight before and after treatment re- 
vealed that in those series treated with 
the orally administered drug, mice in 
group 1 lost an average of 1.7 g during 
treatment. Normal, treated mice in 
group 4 did not show any significant 
gains or losses of weight. Both infected 
and normal treated mice in series 2 and 
7 receiving the oil-soluble compound 
gained 1 g in body weight during treat- 
ment. 

In series 2 and 7, few worms were re- 
covered from the challenging infections. 
This finding may have been correlated 
with the fact that the infected snails 
used in these tests were old: they had 
been kept in the laboratory for ap- 
proximately 6 months. Since the worms 
recovered from the challenging infec- 
tion in series 7 of group 1 were compar- 
able in appearance and size to the worms 
in the control group rather than to the 
small, stunted, undeveloped worms in 
the immune mice in group 2, the mice 
in series 7 were considered not immune 
in spite of the low number recovered. 

DISCUSSION 

Irom the few reports in the literature, 
the duration of acquired immunity fol- 
lowing self cure or chemotherapeutic 
cure varies with the species of schisto- 
soma and the type of host infected. 
From Vogel's work® with a monkey that 
was apparently immune 1} years after 
chemotherapeutic cure and Fujinami’s 
work"! witha horse immune 2 years after 
self cure, it appears that S. japoncium 
may induce a lifelong immunity in these 
hosts. Kawamura’ reported that dogs 
were lightly infected and rabbits moder- 
ately infected following treatment with 
antimonial Although he 
noted a disappearance of eggs in dogs 


compounds. 


and rabbits infected with S. japonicum 
after treatment with antimony com- 


pounds, he found by laparotomy a few 


the intestinal veins. These 


animals were, therefore, not completely 


worms in 


cured and his reinfection experiments 
demonstrated resistance to superinfec- 
tion in the presence of a low grade infec- 
tion. Ozawa‘ reported that he recovered 
19.6% of the total number of cercariae 
exposed to treated dogs compared to 
44.8% in controls. His paper is very 
brief and without details. There is no 
indication when he re-exposed his treated 
dogs following therapy or how he ascer- 
tained that his animals were free of 
infection. Perhaps in the dog infected 
with S. japonicum the duration of ac- 
quired immunity is not life long. The 
duration of acquired immunity in the 
absence of living worms varies with the 
With S. spindalis, 
schistosome, immunity in 
monkeys following spontaneous curve 


following species. 
a_ bovine 


persists for only three months. Immune 
mice infected with S. douthitti and cured 
by chemotherapy retain their acquired 
immunity for approximately 3 weeks. 

In previous experiments" on acquired 
immunity in mice infected with S. 
douthitti, it was demonstrated that the 
number of worms in a challenging infec- 
tion was not reduced by a previous in- 
fection with male worms but 
duced 


was re- 
by a previous infection with 
male and female or female worms. In 
addition, the length of time (from 30 
to 60 days) for the development of 
acquired immunity coincided with the 
production of large number of eggs by 
the females. Fugthermore, in our work 
on chemotherapy,'® it was shown that 
the egg was not affected by treatment 
with the drugs and died in the tissues 
approximately 3 to 4 weeks after the 
end of treatment. This interval of time 
corresponded to the duration of the 
acquired immunity in mice following 
chemotherapy. 


From these observa- 


tions, we conclude that the living egg 


with its contained miracidium may be 
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the source of the antigenic stimulation 
to the development of acquired im- 
munity toward S. douthittt. 
Taliaferro," in the 
mechanisms of acquired immunity in 


his review of 


infections with parasitic worms, con- 
cluded that the evidence indicates that 
humoral factors with secondary cellular 
cooperation are the primary factors in 
the mechanism of acquired immunity. 
It is of interest that in contrast to mice, 
rats infected with Hymenolepis nana 
lose their resistance when worms are 
removed by chemotherapy or surgery.'’ 
In the rat appears to be 
dependent upon the number of worms 


resistance 


in the intestine and not on humoral or 
cellular mechanisms. Otto!*® concluded 
in the review of hookworm immunity 
that ‘the protective response is stimu- 
lated by the metabolic products of the 
living worm rather than the chemical 
comstituents of the worms themselves.”’ 
Data are so far insufficient to determine 
whether this conclusion holds for schis- 
tosome immunity. Following treatment 
in mice infected with S. douthitti, the 
death of the worms and the release of 
large amounts of somatic antigen may 
be responsible for the duration of ac- 
quired immunity after the disappear- 
ance of worms. The evidence, however, 
the 
the 
the 


appears to support the view that 
metabolic products produced by 
living embryo within the egg in 


tissues of the host are necessary for the 


development of acquired immunity. It 


16. Taliaferro, W. H. 1940. The mechanism of 
acquired immunity in infections with para 
sitic worms. Physiol. Rev. 20: 469-492. 

. Chandler, A. C. 1939, The effect of number 
and age of worms on development of primary 
and secondary infections with Hymenole pis 
diminuta in rats, and an investigation into 
the true nature of ‘“‘premunition” in tape- 
worm infections. Am. J. Hyg. 29: 105-114. 

. Otto, G. F. 1948, Immunity against canine 
hookworm disease. Vet. Med. 43: 1-12. 


” 


is difficult to ascribe a similar mecha- 
nism to the development of immunity 
following chemotherapy or self cure in 
the horse or monkey infected with S. 
japonicum. 

One of the factors associated with 
the loss of acquired immunity may be 
a lowering of the general resistance of 
the host. Infected, treated mice in this 
experiment lost weight during treatment 
whereas normal, treated mice did not. 
Since some of the infected, treated mice 
retained their immunity when chal- 
lenged soon after the end of treatment, 
the loss of immunity in mice challenged 
20 days after the end of treatment can- 
not be attributed to the debilitating 
effects of the drug on the host. 


SUMMARY 


Four groups of mice in seven series 
were studied. The first group (43 mice) 
was infected with Schistosomatium dou- 
thittt for 31 to 71 days and was treated 
with either 2-hydroxy-4-methylol,-4,5,- 
dihydro-1,3,2,-dithiastibiole or _ tri- 
(n-dodecylmercapto)-s-antimonious ac- 
id. The second group (27 mice) was 
similarly infected but untreated. The 
third group (50 mice) was normal and 
the fourth group (37 mice) was treated 
but not infected. Batches of about 4 to 
6 mice in each of the 4 groups were 
challenged once with 50 S. douthitti 
cercariae at 8, 9, 19, 20, 24, 34, or 52 
days, respectively, after the end of 
treatment and were then autopsied 
18 to 20 days later. From the first ex- 
posure, 6.3+2.1 worms remained in 
14% of the treated mice in group 1 as 
compared to 30.3+1.6 worms in the 
untreated mice in group 2. 

In each of the four groups, 17.4 +1.17, 
13.0+0.98, 21.64+1.74 and 25.4+1.47 
worms from the challenging infection 
were recovered, respectively, at ne- 
cropsy. Group 2 demonstrated acquired 
immunity to the challenging infection 
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in all 7 series. The differences between 
the means of groups 1 and 2 and 1 and 3 
are statistically significant and indicate 
that acquired immunity in group 1 par- 
tially disappeared when worms were 
killed by chemotherapy. Slightly differ- 
ent worm counts were obtained when 
the first three tests were omitted, i.e., 
inice challenged 8 to 19 days after treat- 
ment. Thus, in each of the 4 groups, 
cha'lenged 20 to 52 days after treat- 


ment, 20.8+1.35,, 12.8+1.38, 22.44 
1.77 and 26.1+2.32 worms from the 
challenging exposure were recovered, 
respectively, at autopsy. From these 


data, the significant difference between 
treated and normal mice disappeared. 


This result indicates that acquired im- 
munity douthitti in mice 
subsides approximately 3 weeks after 


towards S. 


the end of effective treatment. 





GROWTH RESPONSE OF MICROORGANISMS TO VITAMINS AT 
DIFFERENT TEMPERATURES 


GEORGE J. KASAI 
From the Department of Bacteriology and Parasitology and the Walter G. Zoller 
Memorial Dental Clinic, The University of Chicago, Chicago 37, Illinois 


This study was carried out to see if 
changes in temperature might influence 
the quantitative response of microorgan- 
isms in the presence of limited amounts 
of a required vitamin in a synthetic or 
semisynthetic medium. An instance of 
this sort was reported by Robbins and 
Kavanagh! with Phycomyces blakes- 
leeanus, in which a limited amount of 
thiamin at lower temperatures sup- 
ported heavier growth than at higher 
temperatures. This difference was evi- 
denced by the fact that almost twice 
as much dry matter was produced at 10C 
as at 25 C in the same medium supple- 
mented with 1.0 my mole of thiamin. 
In the following year, Lilly and Leon- 
ian® presented evidence that an increase 
in temperature from 25 C to 30 C great- 
ly increased the need of Rhizobium tri- 
folii, strain 205, vitamins. 
Barnett and Lilly,’ working with Sclero- 
tinia camellia, reported on the inter- 
related effects of vitamins, temperature, 
and pH upon the vegetative growth. 

Much of the previous work appearing 


for seven 


in the literature on nutritiona! studies 


of microorganisms in relation to temper- 
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ature has been concerned with the quali- 
tative requirement of a nutrilite. For 
example, Mitchell and Houlahan‘ and 
Miller and McElroy® reported strains 
of Neurospora mutants which required 
riboflavin at temperatures above 28 C 
but were able to grow without it at 
lower temperatures, between 15 C and 
25 C. 

After working with several strains of 
a representative group of microorgan- 
isms in which the vitamin requirements 
were known, it was seen that in some 
cases a definite quantitative difference 
in growth factor requirements did exist 
with variations in temperature. This 
response was exhibited in the presence 
of limited amounts of a needed factor 
in an otherwise adequate medium but 
was not seen with optimal amounts of 
the same factor in 
tested. 


most of the cases 


MATERIALS AND METHODS 


Mediums.—Several mediums were 
used throughout this study and these were either 
synthetic or semisynthetic in composition. The 


different 


semisynthetic medium used for the leuconostoc 
experiments was similar to that used by Gaines 
and Stahly® and consisted of 50 ml of 10% 
acid-hydrolyzed ‘‘vitamin-free’ casein; 10 g 
glucose; 6 g sodium acetate; 500 mg each of 
KH,PO, and K,HPO,; 10 mg each of NaCl and 
FeSO,:7H,O; 7.5 mg MnCl,-4H,0, 200 mg 
MgSO,:7H:O; 100 mg each of cystine and 
tryptophane; 20 mg each of adenine sulfate, 
guanine hydrochloride, xanthine, and thymine; 


4. Mitchell, H. K. and Houlahan, M. B. 
Am. J. Bot. 33: 31-35. 

. Miller, H. and McElroy, W. D. 1948, Science, 
107: 193-194. 

. Gaines, S. and Stahly, G. L. 
46: 441-449. 


1946, 


1943, J. Bact. 
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300 wg each of nicotinic acid, calcium panto- 
thenate, thiamin hydrochloride and pyridoxin 
hydrochloride; 100 yg each of riboflavin, folic 
acid and p-aminobenzoic acid; and 1 yg of biotin 
per liter of medium. The medium used for the 
lactobacillus cultures was that used by Koser and 
Fisher? and was very similar to the above medium 
with L-hydroxyproline, DL-threonine, and DL- 
serine added in amounts of 100 mg per liter of 
the active portion of the amino acids. Some of the 
salts were slightly increased in amounts, as were 
some of the vitamins. 

The synthetic mediums used for Escherichia 
coli mutants, Proteus, and Torula cremoris were 
variations of a medium used by Koser® and con- 
sisted of 2 g (NHg2HPO,, 1.5 g KH2PO,: 5 g 
NaCl, 100 mg MgSO,:7H,0, and 5 g glucose per 
liter of medium. Different vitamins and amino 
acids were added to this medium, depending upon 
the organism being studied. For the work with 
Neurospora and Penicillium mutants, a standard 
Fries medium,® slightly modified as suggested 
by Dr. D. L. Harris of the Department of Physi- 
ology, University of Chicago, was employed 
and had the following composition: 5 g 
(NH g2C.H Oo, 1 g NH«NOs, 1 g KH2PO,, 500 
mg MgSO,-7H,0, 1 ml trace elements,* 20 g 
sucrose, and vitaminsf per liter of medium. 

The different mediums used in the bacterial 
and yeast experiments were adjusted to pH 6.8 
with sodium hydroxide, filtered, tubed in 10-ml 
amounts in standardized 18150 mm tubes, and 
autoclaved at 10 pounds pressure for 20 minutes. 
The vitamin being tested was omitted from the 
basal medium and added aseptically after sterili- 
zation of the tubes of basal medium. The different 
vitamin solutions were sterilized by either auto- 
claving or filtering through sintered glass filters, 
depending upon their stability to heat in aqueous 
solutions. The medium used in experiments with 
the fungi was generally made to two-thirds vol- 
ume rather than full volume and dispensed in 
50-ml Erlenmeyer flasks in 10-ml amounts. The 


different concentrations of vitamins and _ re- 


7. Koser, S. A. and Fisher, B. J. 1950, J. Dent. 

Res. 29: 760-773. 

Koser, S. A. 1923, J. Bact. 8: 493-520. 

. Fries, N. 1938, Symbolae Bot. Upsalienses, 3 

(no. 2): 1-188. 

* Trace elements consisted of 88 mg Na2,B,O,7 
-10H,0, 107 mg CuCl,:-2H,O, 967 mg FeCl, 
-6H,0, 72 mg MnCl,-4H,0, 368 mg (NH )e- 
Mo70.4°4H,0;:8795 mg ZnSO,:7H,O; and 100 
mg each of Na(‘l and CaCh per liter. One ml of 
this mixture was used per liter of medium. 

t Wild type Neurospora as well as all the dif- 
ferent strains of mutants required biotin. 


distilled water were added to make the final 
volume to 15 ml in each flask. These flasks were 
then autoclaved at 10 pounds pressure for 20 
minutes and used in the test. The pH of this 
medium was not adjusted before autoclaving but 
was tested after autoclaving and found to be 
around 5.8. 

Inoculum.—The inoculum for the bacterial and 
yeast experiments was obtained by introducing 
organisms from a fresh broth or agar slant (24 
to 48 hours old) into the basal medium used for 
the test plus the vitamin in amounts sufficient for 
optimal or near optimal growth. The cultures 
were then grown at either 30 C or 37 C, whichever 
was best suited for rapid growth. Eighteen- to 
twenty-four-hour cultures were taken, and 0.001 
ml of this growth was used as the inoculum. This 
was obtained by diluting the culture 1:100 with 
the basal medium, minus the vitamin being 
studied, and using 0.1 ml of this diluted suspen- 
sion of organisms to inoculate the tubes. 

The inoculum for the experiments with fungi 
was obtained by making a light suspension of 
spores, taken from agar slant cultures, in sterile 
redistilled water. Two drops of this suspension 
were used to inoculate each flask. 

Incubation and measurement of growth.—In the 
earlier experiments temperatures of 19 C and 37 C 
were used. When the organism failed to grow at 
19 C, a slightly higher temperature was used, In 
many of the later experiments a third tempera- 
ture, 30 C, was employed. 

Growth of the bacteria and yeast was meas- 
ured by turbidity, using the Lumetron photo- 
electric colorimeter with a 420 my filter. The 
turbidity measurement figures are all expressed 
in terms of 100 minus the percent light transmis- 
sion, so that increasing turbidities could be ex- 
pressed in terms of increasing numbers. A few 
experiments were carried out with Leuconostoc, 
measuring the total bacterial nitrogen to check 
the validity of the turbidity figures. The pro- 
cedure used was a colorimetric micro-kjeldahl 
method for total nitrogen, 

Gravimetric procedure was used for the ex- 
periments with the fungi. The mycelial mats were 
removed after a given number of days of incuba- 
tion, partially dried, rolled, and further dried to 
constant weight at 80 C to 90 C, 


RESULTS 

Preliminary experiments were carried 
out to determine the suboptimal range 
of vitamin for each group of organisms. 
These tests were generally carried out 
at 30 C or 37 C, depending upon the 





GEORGE J. Kasal 


TABLE 1, 


Growth response of L. mesenteroides 9135 in the presence of suboptimal amounts of 


nicotinic acid, calctum pantothenate, thiamin hydrochloride and biotin at 19 C and 37 C. 


Concentration 


Tempera- 
of vitamin* 


ture 


Vitamin tested 
None 


0.01 ug/ml 
Nicotinic acid 


0.03 pg/ml 


0.1 ywe/mil 


None 


0.003 pg/ml 

Calcium 
pantothenate — 
0.01 pg/ml 


0.03 ye /ml 
None 


Meg 


Thiamin 


hydrochloride 3.0 myg 


10.0 myg 


None 


0.01 mygg/ml 


Biotin ——— 
0.03 myg/ml 


0.01 myg/ml 


Days of incubation 


3 4 5 


3 4 
2 2 


21 23 
39 42 
21 


54 
43 45 


0 
0 


17 
8 


54 
27 


67 
52 


2 
1 


16 
9 


6 42 
17 30 


6 604 


36 55 


0 1 1 1 
5 7 7 7 7 
0 22 35 41 48 
10 24 24 25 28 
0 27 54 62 68 
16 42 44 45 50 
0 27 67 71 75 
12 56 60 63 67 


* These amounts refer to the one vitamin tested. All other needed vitamins were present in amounts sufficient for optimal 


growth. 


organisms being used. An attempt was 
made to keep the suboptimal range of 
the required factor somewhere near the 
50% light transmission level or higher 
in the final experiments as this range 
would be the one of greatest difference 
with the smallest absolute increase; 
that is, if there were any small quanti- 
tative absolute increases in the amounts 
of growth between the different tempera- 
tures, they would be more noticeable 
in this range than when the turbidities 
were heavier. 

Leuconostoc.—Eight different strains 
of Leuconostoc were tested on nicotinic 
acid, calcium pantothenate, thiamin 
hydrochloride and biotin. In a prelimi- 


nary test to determine the suboptimal 
range of the growth factors to be used, 
it was found that the suboptimal range 
for nicotinic acid which would be useful 
in the experiment was 0.1 yg to 0.01 yg 
per ml. A similar range for calcium 
pantothenate was 0.03 ug to 0.003 ug 
per ml, while that of thiamin hydro- 
chloride was 0.01 yg to 0.001 yg per 
ml. Biotin was much more active, and 
the suboptimal range used in the studies 
was 0.1 myg to 0.01 myg per ml. In 
some of the later experiments where a 
comparison was made between nico- 
tinic acid, nicotinamide and diphos- 
phopyridine (DPN), the 
amounts for nicotinamide the 


nucleotide 
were 
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same as for nicotinic acid, while 
was used in approximately 6.5 
the acid. 
A similar test was carried out with the 


DPN 
times 
concentration for nicotinic 


amino acid tryptophane, using a range 
of 0.3 wg to 0.03 ug per ml. 

The growth response followed a simi- 
lar pattern in the various leuconostoc 
experiments. At the lower temperature, 
growth was initially slower but even- 
tually exceeded that of the higher 
temperature. The total growth in terms 
of maximum turbidity was greater at 


TABLE 2. 
Temperature 


ot 
incubation 


Concentration 
of vitamin 


Control 
0.01 ug/ml 
0.03 ug/ml 


0.1 yg/ml 


the lower temperature in all cases when 
suboptimal amounts of the growth 
used. Table 1 shows the 
growth response >f Leuconostoc mesen- 
teroides 9135 to the four compounds in 
the semisynthetic medium. Although 
the 24-hour growths were usually great- 
er at 37 C, by 72 hours the growth at 
the lower temperature surpassed that 
of the higher temperature in every case 
and continued in this manner through 
further readings. The response with 
other Leuconostoc strains to the four 
vitamins tested was very similar, with 
definitely heavier total growth at the 
lower temperature 


factor was 


even though the 
initial growth at the higher temperature 
was more rapid. 

To determine whether there was a like 
response in the presence of an ample 
supply of the growth factors, larger 
amounts were added and the tests run 
as before at 19 C and 37 C. Two of 


Turbidity in relation to days of incubation 


the cultures, 9135 and A-152, showed no 
difference in the amount of growth 
(turbidity) at the two temperatures in 
the presence of adequate amounts of the 
growth factors. These same two cultures 
definitely showed differences in turbid- 
ity at the different temperatures when 
suboptimal amounts of the required 
factors were supplied in the previous 
experiments. Although there were, at 
times, some differences with the other 
strains, these differences usually never 
reached the magnitude exhibited when 


Growth response of L. dextranicum 8359 to suboptimal amounts of 
nicotinic acid at 19 C and 37 C. 


Total N:in 2 ml 
of the final 
growth, ug 


suboptimal amounts of the growth 
factors were used. Thus, in general, 
when adequate amounts of the vitamin 
were supplied, the difference in the final 
turbidity at different temperatures ei- 
ther was not seen or was not as evident. 

In order to measure growth by a 
method other than turbidity, in several 
experiments total bacterial nitrogen 
was determined at the end of the turbid- 
ity readings. Table 2 shows the growth 
response of Leuconostoc dextranicum 
8359 to suboptimal amounts of nico- 
tinic acid at two temperatures. After 
the turbidity readings had been taken 
for a period of 7 days and maximum 
growth was attained, the cells were 
washed cold buffered 
saline and used for total nitrogen deter- 
minations. Two ml of the original sus- 
pension were for the nitrogen 
determinations. The figures show a defi- 
nite difference in the amount of nitro- 


three times in 


used 
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gen in the bacterial cell mass at the two 
temperatures. This difference supports 
the conclusion reached on the basis of 
the turbidity figures. Several strains of 
Leuconostoc were tested in this manner 
and they all showed this same response. 
A microscopic examination was made on 
the washed 7-day-old cells stained with 
methylene blue. The cells grown at 19 C 
were cocci in shape while those grown 


TABLE 3. 


2 J. Kasal 


whether nicotinic acid, the amide, or 
DPN was supplied. The other strain, 
9135, does not respond to nicotinamide, 
but gave the same type of response to 
both the acid and DPN. 

The results with nicotinic acid and 
related compounds as well as the other 
vitamins at the different temperatures 
were so definite that it was desired to 
know if the same type of response would 


Comparative growth response of L. mesenteroides 9135, 8357, and F-711 in the presence of 


suboptimal amounts of nicotinic acid, nicotinamide, and diphosphopyridine 
nucleotide at 19 C and 37 C. 


Amount of 
growth factor 
used* 


Organism Nicotinic acid 


19C 37 C 


Control 2t it 
0.01 pg/ml 
0.03 ug/ml 
0.1 ywe/mil 


Control 

0.01 wg /ml 
0.03 pe /ml 
0.1 ywe/ml 


Control 

0.01 pe/ml 

0.03 we /ml 

0.1 ye/ml 76 


Basal medium plus: 
Nicotinamide 
19C 37 ¢ 19C 
5 


22 
36 


22 16 20 
43 34 34 
78 64 67 


35 13 28 2 
58 35 48 16 
76 63 70 51 


* Amount of growth factor used in the case of DPN was approximately 6.5 times as much as was used in nicotinic acid 


and nicotinamide (0.066 wg /ml, 0.22 ug/ml, and 0.66 ug/ml). 
fT. mesenteroides 9135 are the 7-day readings, while those of the other 2 organisms are the 6-day 


+t Turbidity readings o 
readings. 


at 37 C were definitely rod-shaped. 
The cells at 37 C were more than twice 
as large as those grown at 19 C, 

Because of the results with nicotinic 
acid the effect of suboptimal amounts of 
nicotinamide and DPN was studied 
with Leuconostoc strains that were able 
to use these compounds. (Some Leuco- 
nostoc unable to utilize 
nicotinamide as well as nicotinic acid 


strains are 
or DPN!°"".) The results of a few experi- 
ments with the three compounds are 
summarized in table 3. Two of these 
strains showed the same general pat- 
tern of response with greater growth at 
the lower temperature irrespective of 
10. Koser, S. A. and Kasai, G. J. 1948, J. Infect. 
Dis. 83: 271-278. 


11. Koser, S. A. and Kasai, G. J. 1950. J. Infect. 
Dis. 86: 95-102. 


be exhibited toward an essential amino 
acid, the idea being that the amino 
acids, presumably acting more as build- 
ing blocks of the cellular protein rather 
than as parts of an essential enzyme 
system, might show a different response. 
It is possible, too, that some of the 
amino acids are converted into some 
other growth factor(s) and subsequently 
used in some essential enzyme system. 
Tryptophane was shown to be definitely 
needed for growth under the conditions 
tested. One strain, F-711, showed the 
same tendency of greater growth at 
the lower temperature in the presence 
of suboptimal amounts of the amino 
acid. Although the organism required 
small amounts of tryptophane (about 
1 wg per ml was optimal), nicotinic 
acid was still necessary in its presence. 





VITAMINS AND BACTERIAL GROWTH 63 


Since nicotinic acid is required for 
growth when tryptophane is supplied 
in the medium, this Leuconostoc is un- 
able to obtain its nicotinic acid from 
tryptophane. The amino acid is being 
used in some metabolic process which 
functions more efficiently at the lower 
temperature in the presence of subopti- 
mal amounts resulting in the increased 
amount of growth. 

Neurospora and Penicillium mutants. 
—Another group of experiments carried 


out with some mutant strains of both 


TABLE 4. 


A series of preliminary experiments 
were carried out on the different mutant 
strains of Neurospora and Penicillium 
to determine the suboptimal range of 
the required factors. For the wild-type 
parent Neurospora, which required bio- 
tin, the range used in the final experi- 
ments was 0.5 mug to 2.5 mug per flask. 
The nicotinic acid-dependent strain was 
tested in a range of 3 wg to 12 wg per 
flask, while the pantothenicless mutant 
was tested in a range of 1 ug to 5 wg per 
flask of the required factor. Both of the 


Response of some Neurospora species and Penicillium species to suboptimal amounts of a 


required growth factor at 19 C, 30 C and 37 C. 


Concentration of 
factor* per flask 
(15.0 ml) 


Organism 


Neurospora wild-type 
(biotin-dependent) 


Control 
0.5 myg 
1.0 mug 
2.0 mug 
Neurospora mutant 
(pantothenic-acid dependent) 


Control 
1.0 pe 
2.0 wg 
5.0 ug 
Control 

0.5 ug 
1.0 ug 
2.5 


Neurospora mutant 
(pyridoxin-dependent ) 


Penicillium mutant 
(thiamin-dependent) 


Control 
0.05 we 
0.10 ug 
0.25 ug 


Temperature of incubation 
Cc 


3 mgt meg 
2 mg mg 
2 mg j mg 
O mg mg 


mg 5 mg mg 
mg mg 3 mg 
3 mg 5 mg mg 


mg mg mg 
mg .O mg 3 mg 
mg 5 mg 3 mg 


5 mg mg 
mg mg 
mg mg 
mg mg 


very little 
slight growth 


* Vitamins tested were those indicated by the dependencies in the first column 
+t The gravimetric readings were taken at 10 days, with duplicate flasks used in every case and averages of their dry weights 


recorded. 


t Some lysis had already taken place in a few of the flasks incubated at 30 C. 


Neurospora and Penicillium showed the 
same tendency of greater efficiency in 
the utilization of a required factor at 
lower temperatures, as measured by 
the dry weights of the mycelial mats 
produced in the presence of suboptimal 
amounts of the factor. The seven strains 
used in these experiments were obtained 
from Dr. D. L. Harris of the Depart- 
ment of Physiology, University of Chi- 
cago. These were mutants of Neurospora 
requiring nicotinic acid, pantothenic 
acid, thiamin, pyridoxin and the wild- 
type parent which required biotin. 
The mutants of Penicillium required 
thiamin and pyridoxin. 


Neurospora and Penicillium mutants 
which required thiamin were tested in 
a range of 50 mug to 250 mug per flask, 


while the pyridoxinless strains were 


tested in a range of 0.5 ug to 2.5 pg 
per flask; all of these concentrations 


were suboptimal. There was no growth 
in the absence of the required factor 
except in the thiaminless mutants and 
the wild-type parent Neurospora. These 
strains grew to a slight extent in the 
absence of the required factor. 

In studying the growth curve of 
Neurospora it was observed that after 
the maximum peak of growth there oc- 
curred an autolysis of the mycelial mats. 
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This was more pronounced at 30 C 
than at 37 C and occurred to a greater 
extent when higher concentrations of 
the required factors were used. Autolysis 
seemed to occur about the time the 
bright-colored spores began to appear. 
Cultures grown at 19 C continued to 
increase in weight even after 10 days 
and began to show some autolysis only 
after prolonged incubation of 14 days 
or longer. Although the cultures at 37 C 
reached their peaks much later than 
those at 30 C, their dry weights were 
never as high. 

All the mutants as well as the wild- 
type Neurospora were tested with sub- 
optimal amounts of the required factors 
and gave essentially the same results of 
greater growth at the lower tempera- 
tures. Several of these results are tabu- 
lated in table 4. Ten days’ incubation 
was picked as the best time for com- 
parative results. A number of cultures 
at 19 C had not reached their maximum 
growth; thus their results are still lower 
than 30 C. There was also 
some autolysis in some of the cultures 
grown at 30 C and a few of the readings 
were even lower than those at 37 C. In 
general, the readings at the lower tem- 
peratures were higher than those at 37 C. 

Generaily speaking, by 10 days the 
cultures at 30 C and 37 C had reached 
their peaks or had undergone slight 
autolysis, while those at 19 C had not 
reached | their 


those at 


maximum growth. In 
order to be consistent in comparing 
the various temperatures all cultures 
were harvested at the end of the 10- 
day period. A few experiments were 
carried until 14 days and their results 
were greatly distorted due to excessive 
lysis which had taken place. Lysis 
usually took place around the 8th day 
or later with cultures at 30 C and much 
later with those at 37 C and later yet 
at 19 C, It seemed to occur to a greater 


extent at the higher temperatures of 


= J. Kasar 


incubation. As the amount of the growth 
factor was increased the degree of lysis 
increased, with the final result that at 
14 days the lowest concentration of the 
growth factor sometimes gave higher 
readings or greater amounts of dry 
matter in terms of the dried mycelial 
mats than the higher concentrations at 
both 30 C and 37 C. 

In comparing the growth of the differ- 
ent organisms at 19 C with those at 37 C, 
the difference in weights was twice 
as much in many instances, although 
the ones at the lower temperature had 
not grown out fully, while those at 37 C 
had reached their peak. The efficiency 
with which these organisms were able 
to use the limited amount of their 
respective growth factors in the pro- 
duction of the mycelium appeared to 
definitely increase with the decrease 
in temperature. This is the same as the 
observation of Robbins and Kavanagh.! 

Torula cremoris.—The basal medium 
used in these experiments was that em- 
ployed by Koser and Wright"? and the 
growth factors tested were nicotinic 
acid and biotin. Nicotinic acid was 
tested in a range of 0.001 yg to 0.01 
ug per ml, while biotin was tested in a 
range of 0.003 mug to 0.03 mug per ml. 
Three temperatures of 20 C, 30 C and 
37 C were used with this organism. 
Although the growth was initially slow- 
er at the two lower temperatures, it 
eventually approached that of the high- 
er temperature and in some cases was 
even a little heavier. The growth at 20 C 
did not often equal that at 30 C but 
did exceed the growth at 37 C in some 
instances, while the growth at 30 C 
was always heavier than at 37 C. Table 
5 shows the tabulations of two of these 
experiments. In general, there was not 
much difference in the amount of growth 
at the different temperatures. 


12. Koser, S. A. and Wright, M. H. 1943, Proc. 
Soc. Exper. Biol. & Med. 53: 249-251. 
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Proteus.—A strain of Proteus vulgaris 
and three strains of Proteus morganii 
were tested in the synthetic medium 
described earlier. was 
tested with all the strains, while 
calcium pantothenate was tested only 
on the Pr. morganii strains. Preliminary 
tests revealed that the suboptimal 
nicotinic acid for the Pr. 
vulgaris was 0.1 wg to 0.01 wg per ml, 
while the range of this vitamin for the 
Pr. morganit strains was 0.01 ug to 


Nicotinic acid 


of 


range of 


TABLE 5. 


considered one in which temperature 
variations between the range of 20 C 
to 37 C made little difference as far as 
growth was concerned in the presence 
of suboptimal amounts of a required 
factor. 
Lactobacillus. 
Lactobacillus arabinosus 17-5 and Lacto- 
bacillus casei 7469 were included here 
to compare their results with several 
strains of oral lactobacilli. In general 


The two assay strains, 


the pattern of growth of the two assay 


Growth response of Torula cremoris to nicotinic acid and biotin in 


suboptimal amounts at 20 C, 30 C and 37 C. 


. : erature 
Vitamin Concentration Temperature 


0 
testec sec 
: = incubation 


20C 
3C 
37C 


0.001 wg /ml 


Nicotinic 0.003 ug/ml 


acid 


20C 
30 C 
37C 


0.01 pg/ml 


20C 
OC 


20C 
30C 
37C 


0.003 mug /ml 


0.01 myug/ml 20C 
3C 


37C 


Biotin 


0.03 myg/ml 20 C 


30 C 
37 C 


* All controls at the three temperatures showed no growth. 


0.001 wg per ml in the basal medium 
used in these experiments. Calcium 
pantothenate was tested with the Pr. 
morganii cultures, and the range for this 
vitamin was the same as that used for 
the nicotinic acid experiments. 

The results with 
rather 


this group were 
but, in general, 
temperature variations made little dif- 
ference in the amount of total growth 


inconsistent 


in the presence of suboptimal amounts 
of the required factor. The Pr. vulgaris 
strain did show a slightly greater total 
turbidity at the lower temperature 
but this was only a few percent. The 
three Pr. morganii strains showed very 
irregular results. This group might be 


Days of incubation (readings) 
2 : § 77 
3 14 


il 
6 6 


strains was heavier growth at the lower 
temperature when suboptimal amounts 
of a required factor were employed, but 
the oral lactobacilli exhibited the tend- 
ency of slightly greater growth at the 
higher temperatures under similar con- 
ditions. All strains of lactobacilli were 
tested with 
nicotinic 


suboptimal amounts of 


acid, calcium pantothenate 
and biotin. In preliminary tests to deter- 
mine the suboptimal range of the growth 
factors to be used, it was found that 
nicotinic acid was effective in a range of 
0.03 wg to 0.001 ue per ml. The calcium 
pantothenate range was the same as 
that used for nicotinic acid while the 
biotin range was from 0.1 myg to 0.01 
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TABLE 6. 


Growth response of Lactobacillus arabinosus 17-5 to suboptimal amounts of 


calcium pantothenate at 22 C, 30 C and 37 C. 


Temperature 
oO 
incubation 


Concentration 
of vitamin 


Controls ( 

30 ( 

37 C 
0.001 pg/ml 22 ¢ 
wc 
37 ¢ 

0.003 pg/ml 22 ¢ 0 

26 

24 


0.01 ype/mi 22C 0 


57 
59 


mug per ml. Since many of the lacto- 
bacilli cultures failed to grow at 19 C 
when suboptimal amounts of a factor 
were used, a slightly higher tempera- 
ture of 20 C or 22 C was used in most 
cases. 

Table 6 gives the results of L. arabi- 
nosus 17-5 to suboptimal amounts of 
calcium pantothenate. The figures show 
that as the amount of the growth factor 
was increased, the differences in total 


Biotin test 
70 


oO fe2] 
oO (2) 


es 
o 


TURBIDITY 


— 





—— 
a - 
a — 
—_— 
»~ 


Days of incubation (readings) 


3 


24 
22 
8 


58 
64 
43 
81 


84 
75 


growth at the different 
became less and less. 


temperatures 
Because of this 
tendency it appeared that in the pres- 
ence of adequate amounts of the factor 
the growth would be about the same at 
the different temperatures. Both of the 
assay strains gave similar results. 

The general response of the oral lacto- 
bacilli is represented by figure 1, which 
shows the growth response of strain 
#3 to the 


presence of suboptimal 


0.03 mug/mi 
~- 0.03 myg/mi 


__— 0.01 mug/ml 
_-- 0.01 myg/mi 


_x---= 0.003 mug/mi 





" 0.003 mwg/mi 


- 
-—-x 
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37.5°C 
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LACTOBACILLUS No.3 


Growth response of Lactobacillus no. 3 to suboptimal amounts of biotin at 20 C and 37 C. 


Fic. 1. 
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amounts of biotin at 20 C and 37 C. 
The differences in total turbidity were 
not very great at the various subopti- 
mal concentrations used in these experi- 
ments, although the growth at 37 C 
seemed to support a slightly heavier 
total growth than 20 C. The cultures 
at the lower temperature had a longer 
lag phase but eventually did increase 
in amount to almost the same level as 
those at the higher temperature. 


TABLE 7. 


Miscellaneous 
strains of 


organisms.—Several 
Staphylococcus aureus, mu- 
tants of Escherichia coli, and Shigella 
sonnei were tested in a similar manner. 
All of these organisms showed some- 
what heavier growth at 37 C than at 30 
C or 20 to 24 C. In some cases the differ- 
ence was not pronounced; in others it 
was more evident. 

The experiments with the mutant 
strains of Esch. coli had to be repeated 


Growth response of Streptococus salivarius cultures to suboptimal amounts of 


nicotinic acid at 22-24 C and 37C. 


Concentration 


Temperature of 
of vitamin 


inubation 


Controls 22 24 ¢ 


47 € 


0.003 ug/ml 


0.01 


Streptococcus salivarius cultures 


Vv Vill 


ug/ml 31 
37 C 


0.03 ug/ml 4 C 34 


69 


ug/ml 36 32 
37 C 69 65 


* Turbidity figures were all taken at 6 days; there was little or no growth beyond this period, 


cul- 
human 


These 
the 
maintained as stock 
cultures on agar slants. The vitamins 
tested in this were nicotinic 
acid and calcium pantothenate. Nico- 
tinic acid was tested in a range of 0.003 
ug to 0.03 wg per ml, while calcium 
pantothenate was used in a range of 


Streptococcus salivarius. 


tures were isolated from 


oral cavity and 


series 


0.001 ug to 0.1 wg per ml. These strepto- 
cocci showed greater differences with 
regard to temperature sensitivity than 
did the oral lactobacilli. Table 7 gives 
the results of a number of experiments. 
The difference in final growth between 
the two temperatures was striking; the 
apparent efficiency of utilization of the 
factors was greater at the higher tem- 
perature and, in general, the results 
were more pronounced in this respect 
than those shown by the oral lactoba- 


cilli. 


several times due to the extremely high 
rate of back mutations. The tubes 
were allowed to incubate several days 
beyond the final readings to see if any 
mutations had occurred to account for 
the heavier turbidities. that 
showed further growth were discarded 
and only those that showed little or no 
changes beyond the 8th day were used. 
Since suboptimal amounts of the re- 
quired factor were used the cultures 


Those 


should not have grown out fully unless 
a back mutation had occurred. 


DISCUSSION 


It is quite certain that a quantitative 


difference does exist among the majority 


of the microorganisms tested in their 
ability to utilize a given growth factor 
in suboptimal concentrations at differ- 
ent temperatures. The microorganisms 
studied in this report could be divided 
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into three groups according to their 
temperature sensitivity. One group con- 


sists of those organisms which grew 
better, in terms of maximum turbidity, 
at the lower temperature in the pres- 


ence of suboptimal amounts of a re- 
quired factor. Another group consists 
of those in which temperature differ- 
ences had little or no effect upon total 
growth, while the third group includes 
those that grew better at the higher 
temperature under the conditions tested. 

In spite of the fact that the growth 
factors tested were generally the same 
in the three groups of organisms, the 
response in the presence of suboptimal 
amounts of these factors at the various 
temperatures was definitely different. 
The interesting point here is that these 
different responses occurred with the 
same growth factors supplied in subopti- 
mal concentrations. 

One of the simplest explanations is 
that under 
conceivable that a slow synthesis of 
the required factor could be produced 


certain conditions it is 


in the presence of some organic sub- 
of that 
factor is supplied. The condition neces- 
sary might be the slight change between 


stance when a small amount 


the different temperatures used in this 
report. This would mean that the cul- 
ture in question would continue to 
grow until some other condition arose 
to stop further growth, i.e., accumula- 
tion of end products of metabolism. 
The accumulation of the various end 
products would then make the environ- 
ment unfavorable for further growth 
and multiplication, thus resulting in the 
cessation of growth. 

Another possibility is that another 
factor(s) or substance(s) might be able 
to substitute for the required factor in 
the presence of small amounts of the 
required factor at one temperature and 
not at another. There have been some 
reports on other substances substituting 
for a required growth factor to a limited 
extent. It is possible that this substitu- 


: J. Kasar 


tion might occur more at one tempera- 
ture than another and thus result in 
greater total growth at that tempera- 
ture. 

Along with these explanations, there 
is the possibility that this is merely an 
expression of enzyme inactivation at 
temperatures which are approaching the 
limits of temperature sensitivity. It 
has been proven that there is an opti- 
mum temperature at which a given 
enzyme system will act the best. Above 
and below this optimum the efficiency 
of the system decreases and the system 
requires more enzyme to perform the 
same function in terms of producing 
the same effect quantitatively. The 
enzyme system in question might be 
undergoing a more rapid decay at one 
temperature than another or might be 
more efficient at one temperature than 
at another, thus requiring less enzyme 
and consequently less of the growth fac- 
tor to produce the same effect. Under 
either of these conditions the results 
could be expressed in terms of enzyme 
inactivation at temperatures which 
exceeded the optimal limits. 

Another possibility to be considered 
is that in spite of the fact that the same 
growth factors are involved, the micro- 
organisms have enzyme systems which 
essentially follow different metabolic 
pathways and these are found to be 
efficient at different temperature levels. 
It is conceivable that the ability to 
produce a group of enzyme systems is 
present, but only certain enzyme sys- 
tems are actually formed under the 
conditions in which the organism is 
placed. By changing any one of the 
conditions of the environment, such as 
temperature, this would cause a differ- 
ent enzyme system(s) potentially pres- 
ent to be readily produced and to play 
a more prominent role, thus forming an 
alternative metabolic pathway. This 
would, of course, assurne that certain 
systems are more efficient than other 
systems and that they all operate at 





VITAMINS AND BACTERIAL GROWTH 69 


different temperature levels. It is pos- 


sible that there might even be a spec- 
trum of enzyme systems with one or 
more dominant system(s) operating at 
a given temperature. In this manner the 
system(s) which would dominate could 
easily be determined by the tempera- 
ture of incubation. 

Because of the complexity with which 
a living reproduces and 
“grows’’ these explanations may not be 


organism 


enough. The growth factor involved in 
any specific instance might be acting 
via some enzyme system as a “‘trigger- 
mechanism” to another enzyme sys- 
tem(s) in the ability to use another 
factor(s), even though that factor(s) 
might be supplied in adequate amounts. 
The factor supplied in limited amounts 
might act upon the utilization or com- 
bining ability (power) of another fac- 
tor(s) supplied in adequate amounts 
which was determining the extent of 
growth. The ability to influence the use 
of another enzyme system(s) or factor(s) 
thus might be the temperature-sensitive 
step, and the efficiency with which this 
process would thus be de- 
pendent upon the temperature at which 
the This 
system could become more complex 


occurred 


microorganism was grown. 
with an interrelationship of more en- 
zyme systems and growth factors. In 
this manner different enzyme systems 
involved in the respiratory mechanism, 
being interlinked the synthetic 
utilizing the 
energy and products obtained in metab- 
olism to further synthesize bacterial 
protoplasm for growth and reproduc- 
tion, could indirectly control the extent 
of growth. 


with 


mechanism which was 


These explanations do not give all 
the possible mechanisms which might 
account for this phenomenon, and it is 
quite probable that none of them are 
sufficient to explain the results of this 
temperature 


sensitivity. It is quite 


evident that a temperature sensitivity 


does exist among several of the micro- 
organisms selected from widely different 
groups. It should be emphasized that 
these differences tended to disappear 
when adequate amounts of the growth 
factors were supplied at the various 
temperatures. 


SUMMARY 


The amount of growth supported by 
a suboptimal concentration of vitamin 
is not always constant but may differ 
with the temperature of incubation. 
The microorganisms tested in this re- 
port showed that several possibilities 
existed any given factor 
was concerned. These results were: 


insofar as 


1. Several organisms showed an ap- 
parent greater efficiency of utilization 
of limited amounts of a given factor at 
the lower temperatures. These include 
several Leuconostoc species, Neurospora 
species, Penicillium species, Torula cre- 
moris, and the assay strains of 
Lactobacillus arabinosus 17-5 and Lacto- 
bacillus casei 7469. 

2. Others showed little or no differ- 
ence in the efficiency of utilization of a 
given factor in the range of tempera- 
tures tested. This group included Pro- 
teus vulgaris and Proteus morganii, 
with the possible exception that Pr. 
vulgaris showed a slight tendency toward 


two 


better growth at the lower temperature. 
3. Still greater 
efficiency of utilization of a given factor 


others showed a 
at the higher temperatures. These in- 
clude several oral lactobacilli, Strepto- 
coccus salivarius, Escherichia coli, Sta- 
phylococcus aureus, and Shigella sonnet. 

In general, when adequate amounts of 
the various factors were tested, these 
differences, as they existed in the first 
and third groups, tended to disappear. 
Several possible explanations have been 
presented to account for the mecha- 
nism of operation of this temperature 
sensitivity as it exists in these micro- 
organisms. 





TUBERCULOSTATIC SUBSTANCES EXTRACTED FROM NORMAL 
RAT SPLEEN 


WALTER L. BLOOM, PAUL C. HUDGINS, AND MARTIN M. CUMMINGS 


From the Tuberculosis Research Laboratory, Veterans Administration Hospital, Chamblee, Georgia, 
and the Departments of Biochemistry and Medicine, Emory University 
School of Medicine, Atlanta, Georgia 


The existence of a spectrum of natural 
resistance between various species has 
been apparent since the earliest investi- 
gations on tuberculosis. This spectrum 
spreads from the susceptible guinea pig 
to the resistant rat. A possible explana- 
tion of resistance to infection may be 
that the host provides an unfavorable 
environment for bacterial proliferation. 
The resistant host may provide an un- 
favorable medium for growth of tubercle 
bacilli because of constitutional char- 
acteristics of the species or, more likely, 
because of alterations in the host which 
come about in response to the stimulus 
of infection. The purpose of our studies 
is to attempt an elucidation of the 
mechanisms of natural resistance to 
tuberculosis. Lurie' has carried out ex- 
tensive studies dealing with constitu- 
tional factors of resistance to tuberculo- 
sis and has suggested that variations in 
genetic resistance of rabbits to inhaled 
tubercle bacilli may affect the prev- 
alence of alveolar phagocytes capable 


of inhibiting growth of the bacilli. 


Lurie has demonstrated by the eye 
chamber technique that immunization 
decreases the growth of tubercle bacilli 
within the mononuclear phagocytes.’? 
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Previous studies in our laboratory have 
shown quantitative differences in the 
monocyte response of the rabbit and 
rat to a mineral oil stimulus® and that 
alteration in this monocyte response by 
means of cortisone‘ is associated with 
a change in the rat’s natural resistance 
to tuberculosis.® 


METHODS AND MATERIALS 


Peritoneal exudates containing a large number 
of monocytes were elicited in rabbits and albino 
rats by the intraperitoneal injection of sterile 
mineral oil (200 ml per rabbit and 20 ml per rat). 
Forty-eight hours after the mineral oil injection 
the animals were sacriticed and the exudates 
removed aseptically and washed three times with 
sterile saline. One ml of washed cells was then 
mixed with 1 ml of physiological saline containing 
10-* mg of an attenuated strain of Mycobacterium 
tuberculosis var. bovis (BCG) and similar suspen- 
sions of a virulent strain of Myco. tuberculosis var. 
hominis (H37 Rv). One ml of sterile saline mixed 
with the bacterial suspension was used as the 
control. These suspensions were rotated at 10 
r.p.m. for 16 hours at 37 C. At the end of this 
time, 0.1-ml aliquots from each incubated mix- 
ture were seeded onto Lowenstein-Jensen medi- 
um. The cultures were incubated at 37 C and 
were examined at weekly intervals for 6 weeks 
(see table 1). 

Spleen homogenate was prepared from organs 
aseptically removed from the albino rat and 


2. Lurie, M. B. 1942, J. Exper. Med. 75: 247- 
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rabbit. The cell-containing homogenate was made 
in the Waring blendor, and the resulting homo- 
genate was diluted 1:4 with sterile physiological 
saline. This was mixed with an equal volume of 
saline containing 10~' mg of H37 Rv and BCG 
for 16 hours, using the roller tube technique. 
After this exposure, an inoculura (0.1 ml) of 
these suspensions was streaked onto Lowenstein- 
Jensen solid medium. Saline controls were treated 
in a like manner, in the absence of the rat spleen 
homogenate (see table 2). 

In order to facilitate these experiments, a pro- 
cedure was developed to carry out these experi- 
ments in liquid medium. Sterile aliquots of the 
spleen homogenate were added to 5 ml of Pros- 
kauer and Beck liquid med:um to give final con- 
centrations of 1:4 and 1:40 of the homogenate. 
Peritoneal exudate mononuclear cells from the rat 
and the rabbit were also tested, using 1 ml of the 
washed cells per 5 ml of the liquid medium. A 
10-* mg suspension of viable tubercle bacilli 
(H37 Rv and BCG) was used as the inoculum. 
After 2 weeks of incubation, when the growth in 
the saline control tubes was abundant, subcul- 
tures were made on Lowenstein-Jensen solid 
medium (see table 3). 

Our procedures were facilitated by measuring 
the relative amounts of 2,3,5-triphenyltetrazoli- 
um chloride reduced by the 6-ml cultures during 
2 hours incubation in the dark. The red formazan 
was recovered by adding 5 ml acetone and de- 
canting the clarified supernatant. Readings were 
made in a Klett colorimeter with a #42 blue filter. 
In this manner an estimate of the relative number 


TABLE 3. 


Rat spleen 


Se 3 
aline homogenate 
1:4 


Method 
control 
Primary liquid medium 
Tetrazolium 
Subculture solid medium 


++-+* 
70t 
sot 


* Visual turbidity 
t Colorimeter reading of reduced tetrazolium. 
t Colony counts. 


of viable cells could be determined at the end 
of 10 to 14 days® (tables 3 and 4), 

Since the inhibition observed in the roller tube 
experiments could have been dependent upon 
integrity of the cell rather than a component 
of the cell, it was desirable to obtain a sufficient 
quantity of cells for preparation of cell-free 
The spleen was used as a source of 
mononuclear cells. As the rat cells had been 


extracts. 


6. Vandivere, H. M., Gentry, W. H. and Willis, 
H. S. 1952, Am. Rev. Tuberc. 66: 95-98. 


homogenate 


71 


shown to be effective in inhibiting the growth of 
tubercle bacilli, our attention has been focused 
on this host. However, a few comparative studies 
have been carried out on the rabbit and guinea 
pig. 

The next step in our experiment was the prep- 
aration of a cell-free fraction of the spleen homo- 
genate. This was accomplished by preparing the 
rat spleen homogenate in the manner previously 
described. The cellular debris was separated from 
the saline extract by centrifugation at 3000 r.p.m, 
for 15 minutes. The supernatant was filtered 
through medium sintered glass and then through 
ultra-fine sintered glass filters. One ml of this 
cell-free filtrate was added to 5 ml of Proskauer 


TABLE 1.—Colony counts of tubercle bacilli after 16 
hours exposure to cells obtained from rat and rabbit 
peritoneal washings (roller-tube technique). 

Organism Control 


Rat cells Rabbit cells 


H37 Rv 
BCG 


> 100* 10 
> 100 10 


100 
100 


* Colony counts on solid medium 
TABLE 2.—Effect of spleen homogenate on growth of 
tubercle bacilli in vitro after 16 hours exposure in 

roller tubes at 37 C. 


Saline 
control 


Rat Rabbit 


oO s 
Tgantem homogenate homogenate 


H37 Rv 


> 100* 0 75 
BCG 


> 100 0 75 


* Colony counts on solid medium. 


Effect of rat spleen homogenate and peritoneal cells on growth of H37 Rv in liquid 
medium and subcultured on solid medium. 


Rat spleen Saline 


40 control 


Rabbit 


cells 


+ ++4 
5 110 
10 110 


TABLE 4.—Effect of rat spleen filtrates on growth of 


H37 Rv in liquid mediums. 


Saline 
control 


Rat spleen 
Methoc > 
od filtrate 1:4 
Primary liquid medium 
Tetrazolium 
Subculture 


++++4* t 
120t 3 
1004 1S 


* Visual turbidity. 
t Colony counts. 
t Colorimeter reading of reduced tetrazolium. 
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and Beck liquid medium. This sterile cell-free 
extract was found to be equally effective in in- 
hibiting the growth of tubercle bacilli in liquid 
medium. Cell-free filtrates of the type described 
above were also made from the splenic tissues 
of the albino rabbit and guinea pig. 

It was next decided to determine the heat stabil- 
ity of the active cell-free spleen extracts. Half of 
the sample was heated at 60 C for 30 minutes 
at pH 5.5; the other half was not heated and 
served as an activity control. One ml samples 
of the heated and unheated solutions were added 
to 5 ml of liquid medium and tested against 
Myco., tuberculosis var. hominis as previously de- 
scribed. 


RESULTS 


The results in table 1 show that the 
peritoneal mononuclear cells of the rat 
incubated with Myco. tuberculosis in 
the roller tubes inhibit the growth of 
the bacilli. This inhibition is striking 
in contrast to the absence of inhibition 
observed in the presence of peritoneal 
monocytes of the rabbit. The results 
were the same when BCG 
as a test organism. 


was used 


When rat spleen homogenate is used 
(table 2) the same inhibition of BCG 
and H37 Rv growth is observed. The 
rabbit spleen homogenate also inhibits 
the growth of the tubercle bacilli, but 
in this instance the inhibition is quanti- 
tatively much less than that produced 
by the rat spleen. 

In order to obtain a more quantita- 
tive evaluation of the inhibitory effects 
of rat spleen homogenate, a dilution of 
this homogenate was tested in liquid 
medium. The exposure of the bacteria 
to the spleen homogenate persisted for 
the duration of the liquid culture (14 
days), which was subsequently sub- 
cultured to solid mediums. It was 
demonstrated (table 3) that at a dilu- 
tion of 1:40 definite inhibition of bac- 
terial growth was obtained. Further- 
more, by the use of this technique 
the growth-inhibitory effects of peri- 
toneal monocytes of the rat on the 
Myco. tuberculosis were confirmed. 


Cell-free spleen extract was tested to 
ascertain whether this inhibition of bac- 
terial growth depended upon the intact 
mononuclear cell. It may be seen in 
table 4 that this cell-free extract effec- 
tively inhibits growth of Myco. tubercu- 
losis in liquid mediums. 


DISCUSSION 


Continuation of our previous studies 
has shown that mononuclear cells create 
an unfavorable environment for the 
growth of Myco. tuberculosis. The rabbit 
cells are much less effective in this 
respect than are those of the rat. The 
rat spleen has proven a ready source 
for this inhibitory factor. However, 
evidence of some activity in the rabbit 
would suggest that differences in species 
resistance may depend upon quantita- 
tive rather than qualitative factors. It 
is encouraging that the inhibitory fac- 
tor can be separated from the intact 
cell, since this is the first step in defining 
the nature of this material. 

The fractionation procedures are only 
in the exploratory phase. However, 
ultimately it should be possible to iso- 
late and characterize this substance, 
which will make possible study of this 
mechanism of growth inhibition of the 
tubercle bacillus. It is felt that this 
investigative approach may lead to one 
of the possible mechanisms by which 
the host could create an unfavorable 
environment for bacterial proliferation. 

The concept of using the spleen as a 
source of antibacterial substances is 
not new.’:* Nutini and Kreke® have re- 
ported that splenic extracts have a 
toxic effect on hemolytic streptococci 
and tubercle bacilli in vitro and in ani- 
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mals, and staphlococcal infections were 
benefited by treatment with this ex- 
tract.'° Hirschberg and Arnold" re- 
ported moderate inhibition of tubercle 
bacilli by Seitz-filtered tissue juice of 
human spleens. Corper” likewise re- 
ported tuberculostatic activity of boiled 
dog spleen tested in 
vitro. 

Recently Dubos has reported the 
isolation of a substance from rabbit 
and cow kidneys which in low concen- 
trations inhibits growth of tubercle 
bacilli in liquid mediums. This has been 
identified by Hirsh and Dubos" as sper- 
mine. 

It is possible that the activity ob- 
served with our rat spleen extracts is 
dependent upon similar chemical enti- 
ties. Fractionation and purification pro- 


preparations 


cedures are in progress to clarify this 


issue. 
SUMMARY 
Tuberculostatic activity in vitro has 
been demonstrated with cells obtained 
from peritoneal washings of rats, rat 
spleen homogenate, and rat spleen ho- 
mogenate filtrate. The possible relation- 
ship of these substances to host resist- 
ance is discussed. 
10. Nutini, L. G. and Kreke, C. W. 1945, J. 
Bact. 50: 177-185. 
. Hirschberg, N. and Arnold, L. 
Rev. Tuberc. 37: 598-611. 
. Corper, H. J. 1930, Am. Rev. Tuberc. 21: 
252-264. 
. Dubos, R. J. 1952, Am. Rev. Tuberc. 63: 
119-120. 
. Hirsch, J. G. and Dubos, R. J. 1952, J. Exper. 
Med. 95: 191-208. 
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THE NATURE OF THE SPARING PHENOMENON 


II. ACTIVITY IN VIVO AND NATURE OF THE SPARING SUBSTANCE 


ELERY R. BECKER AND THOMAS M. SCHWINK 
From the Department of Zoology and Entomology, Iowa State College, Ames, Iowa 


Duck erythrocytes, rendered recog- 
nizable by the presence of the parasite 
Plasmodium lophurae, introduced into 
the blood stream of chicks and com- 
mingling with the chick erythrocytes, 
are spared from the full impact of chicks’ 
bodily defenses when duck plasma or 
serum has been previously injected.'? 
Duck plasma not only possesses the 
power of producing the sparing phe- 
nomenon in vivo, but it also inhibits 
hemagglutination of duck erythrocytes 
by chicken plasma in vitro.’ It was re- 
cently demonstrated‘ that either an al- 
coholic extract of duck liver or seromu- 
coid separated from the serum or plas- 
ma of ducks could be substituted for 
the entire plasma or serum in the role 
of inhibitor of hemagglutinin in vitro. 
The next study undertaken was with 
the object of learning whether the spar- 
ing effect, observed in vivo, would be 
obtained when either duck liver extract 
or seromucoid separated from duck 
plasma or serum was substituted for 
entire duck plasma or serum. The posi- 
tive results obtained in these experi- 
ments not only suggest a possible role 


of the extracts in physiological proc- 
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esses, but also prove the causative 
identity of the in vivo sparing phenome- 
non and in vitro hemagglutinin inhibi- 
tion. 


MATERIALS AND METHODS 


Two preparations were tested for sparing ac- 
tivity in chicks: (1) duck liver extract and (2) 
duck seromucoid. The duck livers were of ducks 
recovered from lophurae malaria, while the 
plasma serving as the source of seromucoid was 
from about equal numbers of normal and re- 
covered ducks. The methods for separating the 
two materials from duck livers and duck plasma, 
respectively, have already been described.‘ The 
former was a modification of Brunius’* process 
for the preparation of “source material’’ con- 
taining the so-called Forssman hapten from 
horse liver, and the latter was a modification of 
Rimington’s process* for separating seromucoid 
from mammalian plasma. In our former work‘ 
no effort was made in the direction of further re- 
moval of lipids after separation of the whitish 
flocculation from ethyl alcohol, but in the present 
experiment the precipitate was washed in two 
changes of ether-alcohol (3 parts 95% alcohol, 
1 part anhydrous ether) at 0 C. In view of Rim- 
ington’s difficulty in removing the last trace of 
lipid material from his preparations, our prepara- 
tions were not, of course, lipid-free. One cc of 
duck liver extract represented 1.0 g of duck liver 
and 1 cc of seromucoid represented 1.0 cc of duck 
plasma. 

As in the previous experiments with duck plas- 
ma!# the host animals were Hampshire Red 
chicks and the parasitized cells were the erythro- 
cytes of White Pekin ducks in the primary attack 
of lophurae malaria. The chicks were 8 to 9 days 
old when the first injections were made, and the 
number of parasitized erythrocytes injected was 
2108. Duck liver extract and duck seromucoid 
were the materials tested for sparing properties. 
Both materials exhibited hemagglutinin-inhibi- 
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tion in vitro before injection. All injections of test 
materials and parasitized duck cells were intra- 
venous. Dosages employed will be stated in the 
accounts of the experiments, and in all cases 
were in terms of cc/100 g of chick body weight. 
As before, the incidence of infected cells in the 
blood stream of the injected chicks was deter- 
mined by counts made on blood smears stained 
in Giemsa. 


RESULTS 


Tests with duck liver extract—Three 
series of tests were made with duck liver 
extract, involving in all 43 chicks in- 
jected with duck liver extract and the 
same number of controls injected with 
physiological salt solution. The test 
birds in series 1 each received 1 cc of the 
extract about 15 minutes before the 
duck cells were injected, and the injec- 
tions of extract were repeated 24, 48 
and 72 hours later. Series 2 received 2 
ce of the extract 30 minutes before the 
duck cells were injected, and the injec- 
tions of extract were repeated after 24, 
48, 72 and 96 hours. Series 3 received 
2 cc of the extract 30 minutes before the 
duck cells were injected, and the injec- 
tions were repeated 3, 24, 48 and 72 
hours later. In each series the controls 
received the same amounts of physio- 
logical salt solution at the same time 
the tests were injected. 

The results of the three experiments 
appear in table 1. The differences be- 
tween the means of the test and control 
groups in series 1 and series 2 are in 
favor of the test group in each case, but 
on account of the high variability in 
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the counts, as indicated by the standard 
deviations, they are not statistically 
significant. In series 3, however, each of 
the differences at 24 hours, 48 hours 
and 72 hours highly — significant 
(P <0.01). 

Test with duck seromucoid.—There 
were 20 test birds and 20 controls in 
this experiment, but it was actually 
conducted in 2 series of which 10 tests 
and 10 controls were first injected in 
the morning and the same number of 
each in the afternoon. The results were 
pooled after the termination of the 
experiment. Each test bird received 2 
ce of seromucoid 40 minutes before the 
injection of the parasitized duck ery- 
throcytes and the same amount after 
3.5, 24, 48, 72 and 96 hours. The results 
are shown in table 2. Statistical tests 
of the data on each of days 1 to 5 con- 
firmed that the difference on each day in 
favor of the test series was highly signifi- 
cant (P<0.01). 


is 


DISCUSSION 


Duck seromucoid (table 2) produced 
sparing effects comparable with those 
obtained with whole duck plasma in the 
most convincing of the previous tests.!? 
The sparing effect was also strikingly 
produced in series 3 of the birds that 
received injections of duck liver extract. 
It seemed to be produced also in series 1 
and series 2, but the counts were exceed- 
ingly variable and the results are not 
statistically significant. The over-all pic- 


TABLE 1.—Mean percents of parasitized erythrocytes, with standard deviations, in blood smears of chicks 
injected with duck liver extract (tests) and recipients of physiological salt solution (controls). 


Series mame of oe , — 
‘ 24 hr. 48 hr. 72 hr 


Test 16 0.59+0.54 4.00+3.80 6.947.0 
Control 16 0.24+0.41 1.50+2.60 2.34+4.2 


0.08+0.11 0.1940.35 
15 


Control 


Test 


0.024+0.03 0.05+0.06 


12 0.8940.56 3.6342.44 5.043.6 


Control 12 0.16+0.29 0.56+0.89 0.941.2 





19.9+16.0 16.8412.0 


22.5419.0 30.1+20.7 


5.9+ 6.2 8.64 9.9 


Time after inoculation 


6 da. 7 da. 9 da. 


22.6421.8 9.3414.5 2.6+ 5.7 


96 hr. 5 da. 


10.2+12.1 7.6410.5 14.24+12.9 6.44 9.0 4.94+13.2 


2.8+ 3.8 4.04 5.6 13.4+15.0 10.9411.5 16.1416.9 
1.34 1.4 1.94 1.7 9.14 8.4 8.14 7.3 16.0416. 
19.3417.7 8.1+11.8 3.14 6.0 


24.2423.4 28.2422.1 8.44+11.7 
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ture of the three series is, however, 
very much in line with the over-all 
picture of the results previously ob- 
tained,'* i.e., some groups showed slight 
differences while others showed exceed- 
ingly great differences. 


TABLE 2.—Mean percents of parasitized erythro- 


cytes, with standard deviations, in blood smears of 
20 chicks injected with duck seromucoid (test series) 
and 20 recipients of physiological salt solution 
(reference series). 


Day of 
infection 


Test 
serie 


Reference 
series 


} 
} 


| 
} 
| 
| 


Pd 
> 
# 
= 


= 
+ 
ROK NNUMHK NODA S 


= me 
COSoHKUReae oS 
| a= Cure NOe 
ef 
= pe 


© 
ee ee 


HEHEHE HEHEHE HEHE 


EAs 
HHHHH HHH HEHE 


| Sooorwrrw eer ooo 


= 
= 


The extreme variability of the counts 
in certain groups, as indicated by the 
high standard deviations, has been the 
subject of previous comment.? The dif- 
ferences among individual birds were 
attributed to differing capacities of the 
individual birds to phagocytize the 
duck erythrocytes. It was noted also 
that the sparing effect was not so 
marked in some plasma receptors as in 


others. It is now realized that there is a 
possibility that the sparing factor, either 
in whole duck plasma or separated from 
it, may actually have the opposite effect 
in certain birds, for it has now been 
demonstrated that it has the power of 
enhancing hemagglution of duck cells 
by the fresh, unfrozen plasma of cer- 
tain chicks, though in most cases it 
reduces hemagglutination.‘ 

Producing the sparing phenomenon 
with duck liver extract. and seromucoid 
is an important finding, because it 
practically proves the identity of the 
sparing factor and the hemagglutinin- 
inhibiting factor. 


CONCLUSIONS 


1. The sparing phenomenon, origi- 
nally produced with duck plasma or 
serum, can be duplicated with either an 
alcoholic extract of ducks’ livers or duck 
seromucoid. 

2. The evidence indicates that the 
sparing factor is a seromucoid. Whether 
it is necessary that it be combined with 
a lipid has not been ascertained. 

3. Critical proof is offered that the 
sparing substance and the hemogglu- 
tinin-inhibiting factor are one and the 
same. 





LABORATORY STUDIES OF HISTOPLASMA CAPSULATUM 


II. SIZE OF THE SPORES 


GEORGE C. COZAD* AND MICHAEL L. FURCOLOWT 
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Federal Security Agency 


Recent reports indicating the fre- 
quency of laboratory infections with 
Histoplasma capsulatum and its occur- 
rence in epidemics associated with a 
point source’* have lent support to earlier 
theories of the airborne nature of this 
infection. It has been shown that parti- 
cle size plays a vital part in penetration 
of particles into the alveoli of the lungs. 
Indeed, particles larger than 5 yu rarely 
reach the alveoli.2* It would appear, 
therefore, that any theory of airborne 
infection in histoplasmosis would neces- 
sitate small spores. This seems to con- 
flict with the common description of 
histoplasma spores as found in the 
literature,>-* where a great majority 
are stated to be over 5 wu in size, with a 
range of 2 to 25 uw. Supposedly an even 
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greater predominance of large spores 
(those over 5) occurred in older cul- 
tures. 

Therefore it was thought worthwhile 
to re-examine the question of the spore 
size of H. capsulatum. 

The present paper reports the results 
of measuring a large number of spores 
from 14 different strains of H. capsula- 
tum at different stages of their growth. 


MATERIALS AND METHODS 


The methods used in this study were similar to 
those employed by Conant® in studying the 
spores of the genus Microsporum. Fourteen ciffer- 
ent strains of H. capsulatum were grown on pota- 
to dextrose agar slants for periods of 1 and 5 
months, The source and age of the strains are 
shown in table 1. 

Microslide preparations were made, using lac- 
tophenol without cotton blue. A small portion of 
the colony was picked off half-way from the 
center to the edge with a sterile needle, removing 
also a small amount of the supporting medium. 
The bit of mycelium was then carefully teased 
apart and broken up on a glass slide. A cover slip 
was applied and sealed with a combined prepara- 
tion of paraffin and vaseline. In this manner a 
semipermanent mount was made. 
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Under the high power of the microscope, three 
broad sweeps were made of the slide,—one across 
the top, one through the center, and another 
across the bottom. In these areas all of the spores 
were measured consecutively up to the total 
number desired. Measurements were made with 
an ocular micrometer of each spore as it came into 
view. Careful note was taken as to size and the 
presence or absence of tuberculations. The out- 
side dimensions of each spore were measured. In 
the case of oval or pear-shaped spores, the long 
diameter only was recorded. It was hoped in this 
way to obtain a representative size distribution 
for each strain of H. capsulatum used at each of 
two different ages, and to determine the relative 
numbers of tuberculated and nontuberculated 
spores present. 


RESULTS 


In tables 2 and 3 and figure 1 are 
shown the results of the measurement 
of 3500 spores from 14 strains of H. 


TABLE 1.—Strains wi H. capsulatum used in the Jens 


The curves of size distribution also 
appear to be of similar shape, with most 
of the spores falling into the small size 
range and a tendency for a secondary 
rise in frequency of spores about the 
8 w point, with subsequent tapering to- 
ward the zero line. 

Even more striking is the frequency 
of tuberculated chlamydospores, which 
are the characteristic spore of the 
organism. Reference to the right side 
of tables 2 and 3 and figure 1 reveals 
that only 2.4% of all the spores were 
tuberculated at 1 month and 6.7% at 
5 months. Thus the vast majority of the 
spores of H. capsulatum can be said to 
be both small (less than 5 u in diameter) 
and without the tuberculations char- 
acteristic of the species. 





Name of strain 





Isolated from: 


Date of 


Isolated by: isolation 





Spitzli, 309 
Petree, 531 
Weaver, 70 


Tonsils 
Spleen 
Blood 


Gastric 
Sputum? 


Lupher, 929 
Traub 


enkin Sputum 


ad 1-28-48 
bd 9- 2-47 
Dr. Klingberg 1949 
St. Louis, Mo. 
4- 5-48 


Dr. O. L. cee 1949 
Peoria, Ill. 
12-22-47 


no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 


= 


itchell, i620 
Perdue, 2141 
Guest, A-140 
C-936-P-10 
E-6507-P-16 
P-11-P-4 (Parnell) 
ATC 8136, P-25 


White, 2132 


Sputum 

Sputum 

Sputum 

Blood 

?Hilar lymph 
node 

Blood 

Blood 


Spetem 


> 
* 
* 
Dr. B. C, Portuondo 
St. Louis, Mo. 
Dr. C. W. Emmons 
Bethesda, Md. 
J. C. Peterson 


Dr. 
Nashville, Tenn. 


Dr. P. H. Rhodes 
Cincinnat i, Ohio 


10-27-47 
12-23-49 
12-22-47 
1944 
71941 
1944 
11-23-39 


* These strains were isolated in our ptinatiene, 


capsulatum grown on artificial medium 
for 1 month and similar measurement of 
3500 spores from the same 14 strains 
grown on artificial medium for 5 months. 
Measurement was therefore completed 
on a total of 7000 spores. 

Perhaps the most striking thing 
shown in figure 1 is the marked simi- 
larity of the size distribution curves 
obtained at the two different intervals 
of growth. It is readily seen that the 
great majority of the spores at both 
time intervals was less than 5 y in size. 


12-19-49 


Study of tables 2 and 3 reveals con- 
siderable variation in the size distribu- 
tions between different strains measured 
at the same time and between the same 
strain at the two different periods of 
observation (1 and 5 months). These 
variations will be analyzed in the follow- 
ing paragraphs. 

In figure 2 curves are presented of the 
size distribution of the tuberculated 
spores at 1 month and 5 months. It 
will be seen that these size distributions 
are charted by number of spores rather 
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TABLE 2.— Measurement of size of spores of H. capsulatum. All cultures on potato dextrose 1 month old. 
All counts from about halfway from center to edge of colony. 


Number in each size category : 
Total ws : Tuberculations 
number ; : _ Size in microns Ply eS te ee ee dal d Ke ci 
measured 6.4 8.0 9.6 2 12.8 14.4 16.0 With Without 
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TABLE 3.— Measurement of size of spores of H. capsulatum. All cultures on potato dextrose 5 months old. 
All counts from about halfway from center to edge of colony. 


Total antag be yy aan Tuberculations 
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Fic. 1.—Characteristics of histoplasma spores. Size and presence of tuberculations in 1-month- and 
5-month-old cultures from 14 strains; 3500 spores measured at each incubation period (a total of 


7000 spores). 
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than percent of total spores measured 
since the frequency of tuberculated 
spores was so low. Among the total of 
7000 spores measured, only 321, or 4.6% 
were tuberculated. Of these 321, only 
85, or 2.4%, occurred among the 3500 
measured at 1 month. Reference to 
tables 2 and 3 indicates that the tuber- 
culated spores occurred with different 
frequencies among the 14 strains studied. 
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At 1 month, 8 strains had no tubercu- 
lated spores, one strain had 1, one had 2, 
one had 3, one 4, one 24, and one 51 
tuberculated spores. Thus 2 strains had 
all but 10 of the 85 spores found. At 5 
months only 1 strain had no tubercu- 
lated spores, two had 1, two had 4, 
two had 5, two had 8, one had 23, one 
had 27, one 41, one 50, and one 59. 
Thus 5 strains had a total of 200 tuber- 
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strains of H. capsulatum, 


TABLE 4, 


Size distribution of tuberculated spores only measured at 1 month and 5 months for 14 


Effect of time since isolation on size of spores. Comparison of measurements of 250 spores 


each of 14 strains of H. capsulatum which had been grown on artificial medium for 


varying periods of time (five-month-old subculture). 


Strain 
no. 


6.4 


3 

5 d 29 

x 2 

14 : 9 

Total 44 
Percent 


Total 
Percent 


20 
11 
20 
60 
6.0 


akache 


Percent 


-_ 
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8.0 9.6 


7 to 12 years since isolation 
9 3 


Size in microns—Nuinber in each size category 


11.2 


1 to 2 years since isolation 
4 4 


42 
18 
65S 


128 
12.8 
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culated spores—the remaining 9 strains 
having a total of 36. It is quite evident 
that tuberculated spores are by no 
means evenly distributed among the 
different strains. Some develop few, 
if any; others develop fairly large num- 
bers. 


in the 1 to 2-year age group, 6 strains 
in the 2 to 4-year age group, and 4 
strains in the 7 to 12-year age group. 

It is readily seen that the small spores 
predominate in all four age groups, al- 
though they do vary somewhat in fre- 
quency. There appears to be no uniform 
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Comparison of the measurements of the spores of 6 strains of H. capsulatum in which the 


average size of the spores became larger between 1 and 5 months, and 2 strains in which the average 
size of the spores decreased between 1 and 5 months. 


It was thought interesting to deter- 
mine the effect of time since the original 
isolation upon the size distribution of 
the spores of the 14 strains of H. capsu- 
latum used in the study. The ages since 
origina! isolation of these strains varied 
from 1 to 12 years and all were isolated 
from human cases. This comparison is 
shown in table 4. There were 4 strains 


relationship between size distribution 
of spores of strains isolated recently and 
those of strains isolated as long as 12 
years ago. 

In the 1- to 2-year age group 28% of 
the spores are larger than 5 uw. In the 2- to 
4-year age group there are 22.1%, and 
in the 7- to 12-year age group 32.9% of 
the spores are larger than 5 yw in size. 
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Thus, it would appear that the fre- 
quency of the spores in the large and 
small spore range is more a characteris- 
tic of an individual strain than it is an 
age phenomenon. 

There has been considerable question 
as to whether or not there are a greater 
number of large spores with increasing 
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NUMBER OF SPORES 





TUBERCULATED SPORES 


age there were 14.8% of the spore over 
5 w, while at 5 months there were 45.7%. 
This shows quite a noticeable shift of 
small spores into the larger spore range. 

In figure 3 are also shown the fre- 
quency curves of the size distribution of 
2 strains in which there is actually a 
decrease in the average size of the spores 
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Comparison of the measurements of tuberculated spores of 5 strains of H. capsulatum in 


which the number of tuberculated spores increased between 1 and 5 months, and 2 strains in which the 
number of tuberculated spores decreased between 1 and 5 months. 


age of the culture. A detailed description 
of what took place between 1 and 5 
months in that regard will be shown in 
the following figures. 

In figure 3 are shown the frequency 
curves of the size distribution of 6 
strains in which the average size of the 
spores becomes very evidently larger 
between 1 and 5 months. At 1 month of 


between 1 and 5 months. The percent- 
age of spores over 5 uw at 1 month was 
44.4; at 5 months, 9.0. There were 6 
strains in which the average size of the 
spores stayed about the same at the two 
age levels and, therefore, these 6 strains 
were not included in the above evalua- 
tions. 

In figure 4 are shown a comparison 
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of the frequency curves of the size dis- 
tribution of the tuberculated spores of 
5 strains in which the number of tuber- 
culated spores definitely increased be- 
tween 1 and 5 months. In this case the 
total number of tuberculated spores 
increased from 6 at 1 month to 200 at 5 
months. This would signify quite a gain 
in tuberculated spores with the older 
age level. 

A comparison of the curves of size dis- 
tribution of tuberculated spores of 2 
strains in which the number of such 
spores decreased between 1 and 5 
months is also shown in figure 4. A total 
of 75 tuberculated spores was found at 
1 month while only 12 were found at 
5 months. In the remaining 7 strains, 
there was no marked change in numbers 
of tuberculated spores between 1 and 
5 months of age. 


DISCUSSION 


It should be stated that there are 
certain limitations of the data due to 
the methods of study. It is probable 
that measurements made from colonies 
grown on mediums other than potato 
dextrose or even on potato dextrose of 
different make-up might have given 
different results. It might also have 
been better to have emulsified the whole 
culture and then measured the spores 
rather than selecting an arbitrary area 
as was done. It does not appear, how- 
ever, that these criticisms would limit 
comparison between strains where all 
were treated in like manner. 

One of the most interesting observa- 
tions relates to the frequency with which 
small spores were encountered. It is seen 
from figure 1 that spores less than 4.6 uw 
made up 85% of the 1-month-old and 
73% of the 5-month-old spores. This 
small size is important in view of the pos- 
sibility that infection with Histoplasma 
may be by the airborne route. Any theory 
of airborne infection would necessitate 
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small spores. Another outgrowth of this 
line of thought is that small nontuber- 
culated spores must be the infecting 
agent rather than the larger, char- 
acteristic, tuberculated chlamydo- 
spores. The question then arises as to 
the possible biological function of these 
large spores. Perhaps they are more 
resistant to unfavorable conditions than 
the small spores and thus may serve to 
perpetuate the organism. 

All of the above speculation is written 
with full knowledge that much basic 
information remains to be gathered 
about this fungus. It is realized that the 
alveolar retention in the lungs is a func- 
tion of the density of the spores as well 
as their size and that, as far as could 
be ascertained, no density observations 
have been recorded. 

The relative infrequency of the large, 
tuberculated spores at either 1 or 5 
months was surprising, as one gathers 
the impression from the literature that 
they are much more frequent. Spores 
9.6 w or more in diameter made up only 
4% of the total at 1 month of age and 
10.7% at 5 months of age. Thus one 
would be correct in stating that large 
spores occur infrequently with H. cap- 
sulatum, 

Another interesting question arose as 
to whether all of the large spores were 
potentially tuberculated, or whether 
there occurred three types of spores— 
small, large and tuberculated. 

It appears evident from study of the 
shape of the curves of size distribution 
in figure 1 that the larger spores (in- 
cluding the tuberculated spores) do not 
grow from the smaller spores but de- 
velop independently of them. That is, 
if all the small spores had the potential- 
ity of becoming large spores, the fre- 
quency curves by size should not show 
a dip between the two peaks, but should 
show a uniform tendency to fall from the 
more frequent small spores to the less 
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frequent large spores. It is evident also 
that a majority of the spores 9.6 yw or 
larger at 1 month were not tubercu- 
lated; indeed, only 30 of 137 spores 
(22%) of this size showed tubercula- 
tions. Even at 5 months all the large 
spores were not tuberculated since only 
131 of 376 spores (35%) were so re- 
The failure of all strains to 
develop increased numbers of tuber- 
culated spores between 1 month and 5 
months suggests either that all large 
spores are not potentially tuberculated 
or that environmental conditions were 
not satisfactory for maximum produc- 
tion of such spores. Again no direct 
answer is evident from the data. 


corded. 


SUMMARY 
The 


of tuberculated 


and number 
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growth on artificial medium for 1 month 
and 5 months. The data indicate that: 

1. The vast majority of the spores of 
H. capsulatum can be said to be both 
small (less than 5 yw in diameter) and 
without the tuberculations characteris- 
tic of the species. 

2. The larger spores (including the 
tuberculated spores) do not grow from 
the smaller spores but develop inde- 
pendently of them. 

3. Tuberculated spores are by no 
means evenly distributed among the 
different strains. Some develop few, if 
any; others develop fairly large num- 
bers. 

4. There is no uniform relationship 
between size distribution of spores of 
strains isolated recently and those iso- 
lated as long as 10 years ago. 

The spore size data presented would 
be compatible with the airborne route 
of infection in histoplasmosis. 
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Although the action of ultraviolet 
irradiation on antibodies was examined 
earlier in the present century by Euro- 
pean workers, no extensive studies ap- 
pear to have been carried out. Never- 
theless, these early investigators demon- 
strated that ultraviolet irradiation of 
immune serums would destroy the abil- 
ity to lyse,’ to agglutinate,® to combine 
with toxins,’ to fix complement,’ to pre- 
cipitate,”’*> or to confer passive ana- 
phylaxis. The experiments presented 
here extend this earlier work and show 
the effect of ultraviolet irradiation on 
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blood serum which is capable 


of pas- 
sively transferring skin sensitivity. It 
has been found that ultraviolet light 
has a peculiar effect on the antibodies 
formed by the rabbit against ragweed 


pollen extract. Within the radiation 
doses employed, both the precipitating 
ability of the serum and its ability to 
fix complement were progressively de- 
stroyed, while the ability to passively 
sensitize the skin of guinea pigs re- 
mained unaffected. 


MATERIALS AND METHODS 


A. Immunization of rabbits 


The ragweed pollen extract was prepared as 
follows: Defatted low ragweed pollen, Ambrosia 
elatior, (10 g) was shaken at 4 C for 24 hours with 
500 ml of a solution of the following composition: 


Sodium chloride 2.5¢ 
Monobasic potassium phosphate 0.18 g 
Dibasic sodium phosphate 3.5¢ 
Distilled water to make 500 ml 


The mixture was filtered first through coarse filter 
paper and then through a Berkefeld candle to 
remove all pollen grains and to sterilize the solu- 
tion. This sterile solution was used for all skin 
tests described below. 

For immunizations, 20 ml of a 10% solution 
of ferric alum was added, with shaking, to 200 
ml of the filtered pollen extract. 

Two rabbits (#1, 2) were each given intra- 
peritoneal injections of 5 ml of this preparation 
3 times a week for 2 weeks. Following a 2-week 
rest period, inoculations were continued 3 times 
a week for another 2 weeks. Thereafter immuniza- 
tion was discontinued. ft 


B. Bleeding of rabbits 


After a 3-week interval, the rabbits were bled 
by heart puncture, 30 to 40 ml being withdrawn 
from each rabbit. Similar amounts were with- 
drawn at monthly intervals. The blood was al- 
lowed to clot and the expressed serum harvested 
within 24 to 48 hours. The serum was frozen with- 
out added preservative and stored at —40 C. It 





t These immunizations were very kindly per- 
formed by Mrs. Delna Garrison. 
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TABLE 1. 


Ultraviolet 
irradiation period 


Action of ultraviolet — med geocipeins palttied of serum. 


_ Ragweed pollen extract dilutions in pss 





in hours 


Undiluted 


1:20 


0 


was thawed when needed and unused portions 
were refrozen for future use. 


C. Activity of serums 


The precipitin titer was determined after 
diluting the serum with an equal quantity of 
physiological saline solution (PSS). The diluted 
serum (0.1 ml) was placed in the bottom of a 
precipitin tube over which was layered 0.1 ml of 
twofold dilutions of ragweed pollen extract. 
After incubation at 37 C for 2 hours, a precipi- 
tate at the interface of the 2 solutions was read 
as positive. 

The complement fixing activity was deter- 
mined after the serum was heated at 56 C for 30 
minutes to destroy the native complement. The 
serum, suitably diluted with PSS, was placed in 
serological tubes in 0.5 ml amounts. To this was 
added 0.5 ml of ragweed pollen extract diluted 
1:10 with PSS, followed by 0.5 ml of pooled 
guinea pig serums containing 2 units of comple- 
ment. The tubes were thoroughly shaken and 
placed at 37 C for half an hour. To each of the 
tubes was added 1 ml of the hemolytic system 
consisting of 0.5 ml of the 4% suspension of 
mouse red blood cells and 0.5 ml of rabbit anti- 
mouse red blood cell serum diluted 1:20 with 
PSS. After thorough mixing, the tubes were again 
placed at 37 C and readings of hemolysis were 
taken within an hour. Suitable 
companied these tests. 

The ability of the immune rabbit serum to 
passively transfer skin sensitivity to both rabbits 


controls ac- 


Table 2.—Action of ultraviolet light upon 
skin sensitizing ability of serum. 


Ultraviolet irradiation Guinea pig 
period in hours 3 4 
4 +. ¢ 
2 » 
4 + + 
o + + 
8 
12 
Normal serum control 
Normal serum 12 hr. u.v. 


+ is 10 X10 to 20 X20 mm wheal. 
— is 5X5 mm wheal or smaller. 


PSS control 





brydbedd 


| 
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and guinea pigs was examined. After clipping the 
hair, 0.2 ml or less of treated and untreated 
serum was injected into the skin of each animal. 
Injections were made on the sides of rabbits and 
on the abdomens of guinea pigs, spaced so as to 
cause no confluency. A period of 24 to 36 hours 
was allowed to elapse, whereupon the sites were 
challenged by injecting 0.02 ml or less of ragweed 
pollen extract. The skin was examined at 10- 
minute intervals for 2 hours and once after 24 
hours. Wheals were measured and erythema was 
noted when present. 


D. Irradiation and heating of serum 

The serum, previously diluted with an equal 
quantity of PSS, was irradiated at 15 C in 2-ml 
lots in a Vycor tube sealed with a rubber stopper. 
This tube was rotated at 75 r.p.m. at a distance 
of 15 cm from a 15 watt General Electric mercury 
vapor lamp emitting predominantly at 2537 A. 
The irradiation dosage was controlled by varying 
the time of exposure. 

The serum, previously diluted with an equal 
quantity of PSS, was heated at 60 C in 2-ml lots 
in a constant temperature water bath. 


OBSERVATIONS 


Both serums titered 1:80 in the pre- 
cipitin test. 

Both serums were found to passively 
transfer skin sensitivity to guinea pigs 
and rabbits. Controls of normal rabbit 
serum were negative. There was a sug- 
gestion that the usefulness of guinea 
pigs as acceptors of passively trans- 
ferred skin sensitivity varied as the 
color of the animal. Those with red 
pigmentation responded best. However, 
this has not been fully investigated as 
yet. 

The skin sensitizing ability of the 
antiserums was titrated before injecting 
them into guinea pigs. The serums could 





ULTRAVIOLET IRRADIATION OF IMMUNE SERUM 


TABLE 3.—A titer of the passive skin sensitivity reaction after treatment of the serum. 


Serum treatment Guinea pig 


Rabbit #1 untreated 31 
32 


Rabbit #1 12 hr. U.V. 33 
34 
Rabbit #1 12 hr. 60 C 35 
36 


Rabbit #2 untreated 37 
38 
Rabbit #2 12 hr. U.V. 39 
an 


Rabbit #2 12 hr. 60 C 41 
42 


+ is 10 X10 to 20 X20 mm wheal. 
— is 5 XS mm wheal or smaller. 


be diluted as high as 1:80 or 1:160 and 
still elicit a positive skin reaction. 

Table 1 illustrates the action of ultra- 
violet irradiation upon the precipitating 
ability of serum from rabbit #1. This 
ability was distinctly impaired by pro- 
longed exposure to ultraviolet light. 

Portions of the serum which had been 
irradiated for varying lengths of time 
were injected intracutaneously into 
guinea pigs. Upon challenging these sites 
with homologous antigen 24 hours later, 
the results in table 2 were observed. 
Irradiation for periods as long as 12 
hours in no way altered the ability of 
the serum to passively transfer skin 
sensitivity to guinea pigs. 


TABLE 4. 


1:10 


Dilutions of the antiserum in PSS 


1:40 1:80 1;160 


+ 


+ 
+ 
+ 


+ 
+ 


Heating the serum from rabbit #1 at 
60 C for increasing intervals of time 
did not completely destroy the pre- 
cipitin titer. Aliquots of this heated 
serum still retained the ability to trans- 
fer skin sensitivity to guinea pigs even 
when heated for as long as 15 hours at 
60 C, 

After the antiserum was treated with 
ultraviolet light or heat, the skin sensi- 
tizing ability of the antiserum” was 
titrated before injecting it into guinea 
pigs. The serum could be diluted as high 
as 1:80 or 1:160 and still elicit a positive 
skin reaction, as is shown in table 3. 

Table 4 shows the effect of ultra- 
violet irradiation and of heating at 60 C 


Effect of ultraviolet irradiation and heat (60 C) upon 


complement fixing ability of serum. 


Serum dilutions in PSS 


Treatment of serum 
1:4 1:8 


Untreated control 


Ultraviolet 2 hours 
4 hours 
6 hours 
8 hours 
12 hours 


2 hours 
4 hours 
6 hours 
8 hours 
12 hours 


60 C heat 


+ is hemolysis. (This denotes no binding of complement.) 
Complement controls contain: 


Controls 


1:16 


tT TT 


+4++4++ 


a—mouse red blood cells, complement, anti ragweed serum, PSS 
b—mouse red blood cells, anti-mouse red blood serum, complement, PSS. 
c—mouse red blood cells, anti-mouse red blood cell serum, anti ragweed serum, PSS, 
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upon the complement fixing activity of 
the serum of rabbit #1. The ability of 
the serum to fix complement was de- 
cidediy impaired by the ultraviolet 
light, while it remained virtually un- 
affected by heating at 60 C. 

The above results were confirmed by 
duplicate the serum from 
rabbit #2. For these skin tests, a total 
of 42 guinea pigs was used. 


tests on 


Passive skin sensitivity tests were 
next conducted upon the homologous 
species of animal, i.e., rabbit to rabbit 
transfer rather than rabbit to guinea 
pig. Serum irradiated for 12 hours was 
incapable of transferring skin sensitivity 
to homologous animals while it still 
retained that ability for heterologous 
animals. Heating the serum at 60 C for 
12 hours did not appreciably injure the 
ability to transfer skin sensitivity to 
either homologous or heterologous spe- 
cies. 

Human serum containing reagin to 
ragweed was then irradiated or heated at 
60 C before injecting it into 2 human 
volunteers. Irradiation for 12 hours de- 
stroyed the ability to transfer skin sensi- 
tivity to the homologous species. Like- 
wise, heating for 2 hours destroyed this 
ability, as noted previously by Loveless.* 


SUMMARY 


A study of the effects of ultraviolet 


irradiation and heat upon serums of 


rabbits immunized with ragweed pollen 
extract and upon serums of humans 
hypersensitive to ragweed pollen has 
been carried out. 

The abilities of the antiserums to 
precipitate homologous antigen, fix com- 
plement and passively transfer skin sen- 
sitivity to homologous and heterologous 
animal species were examined before 
and after treatment with 
light or heat. 


ultraviolet 


It was found that the precipitating 
activity of rabbit antiserums, their 
ability to fix complement and _ their 
ability to passively transfer skin sensi- 
tivity to other rabbits were impaired by 
ultraviolet light. However, their ability 
to passively transfer skin sensitivity to 
guinea pigs was unaffected. 

Heating the serums at 60 C for 12 
hours did not seriously impair the pre- 
cipitating activity nor the ability to 
transfer skin sensitivity to either guinea 
pigs or rabbits. 

Human serums containing reagin to 
ragweed pollen lost its ability to transfer 
skin sensitivity to humans after heating 
at 60 C for 2 hours or after irradiation 
with ultraviolet light for 12 hours. 


9. Loveless, M. H. 1940, Immunological studies 
of pollinosis, I—The presence of two anti- 
bodies related to the same pollen antigen in 
the serum of treated hayfever patients. J. 
Immunol. 38: 25. 
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REACTIONS IN RABBITS EXPERIMENTALLY 
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In a previous report from this labora- 
tory by Bozicevich et al (1951) a rapid 
slide flocculation test for trichinosis was 
evaluated in relation to the complement 
fixation test, using serums obtained 
from individuals suspected of harboring 
Trichinella spiralis. Such serums were 
drawn after the onset of clinical symp- 
toms and no information could be ob- 
tained regarding the lapse of time 
between initial infection and the demon- 
stration of specific antibodies. Because 
of the difficulty of establishing a para- 
sitologic diagnosis in trichinosis, use of 
human serum also precluded an evalu- 
ation of the test in relation to actual 
infection with T. spiralis. 

A study was undertaken, therefore, 
to determine the appearance, rise and 
persistence of flocculation antibodies in 
animals experimentally infected with 
T. spiralis. For this study the comple- 
ment fixation test was used as a stand- 
ard of comparison. The rabbit was 
chosen as the test animal because it has 
been widely used in immunologic studies 
on trichinosis since Strébel (1911) first 
demonstrated specific antibodies in in- 


fected rabbits. The appearance of pre- 


cipitins in rabbit serum was described 
by Bachman (1929) as occurring as 
early as 5 days after the animals had 
ingested trichinous meat. Aikawa and 
associates (1951) reported the first ap- 
pearance of precipitins on the 11th day 
after infection, Trawinski and Mater- 
nowska (1934) on the 13th day, and 
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valuable statistical analyses. 


Augustine and Theiler (1932) on the 
28th day. Complement-fixing antibodies 
have been noted quite soon after infec- 
tion; Bachman and Menendez (1929) 
described a rise of titer over nonspecific 
fixation on the 3rd day after feeding in- 
fected meat. 

The results obtained by flocculation 
and complement fixation tests on rabbit 
serums drawn during the first 62 days 
after inoculation with 7. spiralis are 
presented below. 


METHOD 


Infected animals.—Three series of adult rab- 
bits, comprising a total of 34 animals, were in- 
oculated intragastrically with washed larvae of 
T. spiralis. The larvae were obtained by digesting 
infected meat in a modified Baerman apparatus, 
according to the method of Bozicevich and asso- 
ciates (1951). After 6 washings in buffered physi- 
ologic saline, the larvae were allowed to settle 
in a graduated 15-ml centrifuge tube for 20 
minutes and the volume of packed larvae was 
read. Using this reading, a 1:30 dilution of larvae 
in tap water was prepared and 2 ml introduced 
into each rabbit by means of a stomach tube. 

The rabbits were bled from the ear before in- 
oculation and at regular intervals thereafter. 
Inoculation data and bleeding schedules of each 
of the three series of animals are shown in table 1. 
All serums not used immediately were stored at 
4c. 

In order to establish a parasitologic diagnosis 
and obtain information on the worm burden of 
the experimentally infected rabbits, each anima! 
that died during the 62-day test period was ex- 
amined. The animals were skinned, eviscerated 
and the meat the bones. After 
weighing, the meat was digested according to the 
technique cited above. However, two to three 
times more meat was added to each jar of di- 
gestive fluid because it was observed that the 
bone-free rabbit meat was digested more quickly 
than the rat meat containing bone. As soon as 
the rabbit meat was digested the larvae were 


removed from 
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removed, washed and the number of milliliters 
of settled larvae per 100 g of meat was calcu- 
lated. 

Eight uninfected rabbits were used as controls 
and were bled according to the schedules out- 
lined for series E and F. 

Flocculation.—The flocculation antigens were 
prepared and the test conducted according to the 
published method. All serum samples tested by 
flocculation were serially diluted 1:2, 1:4, 1:8, 
etc., and all positive serums were diluted until a 
negative reaction was obtained. To obviate bias, 
all serums were coded so the worker knew neither 


controlled by preparing tubes similar to the 
saline binding power with one, instead of two, 
50% units of complement. (3) The complement 
titration was done in double volume and read on 
the spectrophotometer. 

Controls on nonspecific complement fixation, 
i.e., on anticomplementary properties, were pre- 
pared for the first three dilutions of each sample 
of rabbit serum tested. These binding powers con- 
tained two 50% units of complement,—half the 
amount present in the test proper. Serums giving 
nonspecific reactions were titrated to the end of 
the anticomplementary range. Antigen binding 


TABLE 1.—Jnoculation data and bleeding schedules of three series of animals. 


Number 
of rabbits 





Source of larvae 


Animals bled—Number of days 
after infection 





10/4/51 15 
11/9/51 9 
12/7/51 10 


* 4 rabbits not bled 1ith day. 


Rat—infected approx. 6 months 
Rabbit—infected 34 days 
Rabbit— infected 64 days 


4 through 8, 11,* and weekly 20 to 62 
4 through 11 and weekly 19 through 61 
4 through 11 and weekly 19 through 61 





t For purposes of analysis, those animals of series E and F which were bled on the 19th day and weekly thereafter are 
tabulated as having been bled on the 20th day and weekly thereafter. 


the date of bleeding nor the number of the animal 
from which the serum was obtained. One hundred 
and forty-nine serums were titrated in both the 
uninactivated state and after inactivation at 56 C 
for 30 minutes. The results given are those ob- 
tained with inactivated serum. Positive and 
negative control serums were included in each 
day’s work. 

During the progress of the experiment it was 
noted that the stock antigen had separated out 
spontaneously into large grainy particles. In an 
effort to break up these granules the antigen was 
homogenized in a Waring blendor for 2 minutes. 
Test antigens prepared after homogenizing 
showed a greatly lowered sensitivity, which may 
have been caused by the heat generated by the 
blendor. The stock antigen was discarded and a 
new antigen prepared. The new antigen gave 
titers comparable to those obtained with the 
original antigen before its deterioration, and re- 
mained stable over the remaining period of the 
experiment. 

Complement fixation.—The 50% hemolysis end 
point complement fixation test of Bozicevich, 
Hoyem and Walston (1946) was used with the 
following three modifications: (1) The 2% sheep 
red blood cell suspension, prepared weekly, was 
adjusted so that it contained a standard amount 
of hemoglobin. This was done by diluting the 
washed cells with buffered saline until a 50% 
hemolysis color standard tube showed a density 
of 28 when read on a spectrophotometer set at a 
wave length of 545 mu. (2) The deterioration of 
complement during the incubation period was 


powers and titrations of known positive and 
known negative control serums were included in 
each day’s work. Throughout the experiment the 
antigen binding powers gave uniformly negative 
reactions. 

All serums from uninfected rabbits and serums 
drawn from infected rabbits during the early 
part of the experiment were serially diluted 1:2, 
1:4 and 1:8, etc. Serums drawn later in the ex- 
periment from rabbits that had established titers 
higher than 1:16 were serially diluted from 1:16 
on. Positive serums were titrated out until a 
negative reaction was obtained, and all serums 
were coded as above. 

The antigen consisted of a saline extract of 
fresh larvae. It was prepared by disintegrating a 
saline suspension of larvae in a Waring blendor 
and centrifuging at 18,000 r.p.m. for 20 minutes. 
The supernatant fluid, serving as the antigen, was 
frozen in 2.5-ml amounts and thawed and diluted 
as used. Preliminary titrations showed the opti- 
mal range of this antigen to lie between the 
dilutions of 1:200 and 1:600. For this experiment 
a 1:400 antigen dilution was utilized. 

Criteria for reading tests.—In analyzing the re- 
sults of the experiment, the criterion for a positive 
flocculation reaction was chosen, arbitrarily, to 
correspond with that cited in the original pub- 
lication. A flocculation test, therefore, was called 
positive if, in the 1:2 serum dilution, a reading of 
3+ or 4+ was obtained. A complement fixation 
test was adjudged positive if, in any serum dilu- 
tion with a serum binding power reading of + or 
less in the presence of two 50% units of comple- 
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ment, a 3+ reading was obtained in the test 
proper in the presence of antigen and four 50% 
units of complement; or if in any serum dilution 
with a serum binding power of 1+, a 4+ reading 
was obtained in the test proper. Serum dilutions 
giving binding power readings greater than 1+ 
were considered negative. A 4+ reading indicates 
hemolysis of less than 20% of the available sheep 
red blood cells, a 3+ reaction indicates 21 to40% 
hemolysis, a 2+ reaction 41 to 60% hemolysis, a 
1+ reaction 61 to 70% hemolysis and a + re- 
action 71 to 80% hemolysis. 


91 


these consisted of weakness and diarrhea 
the day before death; in 13 animals 
they included severe weight loss, loss of 
appetite, ruffling of fur, apathy and 
staggering. Three rabbits dying on the 
14th, 27th and 33rd days after inocula- 
tion showed no symptoms other than 
weight loss. No parasitologic examina- 
tions have been made on the surviving 
inoculated rabbits, but it has been as- 


TABLE 2.—First detection of antibodies in rabbits infected with T. spiralis. 


0 4 a 7 





Flocculation test 

Complement fixation test 0 

Flocculation test if a 1+ or 
2+ reaction is considered 
positive 





Flocculation test _ 
Complement fixation test 


Number of rabbits positive by: 


Flocculation test 
Complement fixation test 


* One rabbit which died on the 14th day gave a negative complement fixation reaction. 


RESULTS 

The 8 uninfected control rabbits sur- 
vived the experiment. Seventeen of the 
thirty-four infected rabbits died during 
the first 53 days after inoculation, 5 in 
the D series, 5 in the E series and 7 in the 
F series. One of the surviving rabbits, 
7D, was killed because of a heavy infes- 
tation with ear mites. The other animals 
have survived from 115 to 203 days at 
the time of writing. 

Larvae were recovered from all the 
rabbits that died and from 7D. The 
amount of larvae obtained varied from 
0.11 ml to 0.94 ml settled larvae per 
100 gm of meat, except in the case of one 
rabbit, which died 11 days after infec- 
tion and from which a total of 12 larvae 
were recovered. Fourteen of the animals 
that died showed symptoms considered 
typical of trichinosis. For one rabbit 
which died 11 days after inoculation 


Days after infection 


8 10 11 20 27 34 41 48 SS 62 Totals 


All animals 
3 
5 0O 


3 5 1 0 
Animals surviving experiment 
2 0 0 2 y 0 0 0 1 
1 ey £9 €£ 8 & .& 


Animals not surviving experiment 


10 4 0 1 . £2: | @ 
5 7 *§ 1 0 0 0 0 90 


sumed that they harbor T. spiralis. 

Serum binding power readings greater 
than 1+ were obtained with 206 of the 
428 serum samples tested by comple- 
ment fixation in a 1:2 dilution. Sixty of 
these were positive in higher dilutions 
where nonspecific binding did not occur. 
Of the remaining 146 serums reported 
as negative because of nonspecific bind- 
ing, 120 gave negative complement 
fixation reactions in the test proper. 
Only 26 serum samples were obtained 
that were anticomplementary in all 
dilutions giving positive readings in the 
presence of the antigen. 

No falsely positive reactions were ob- 
tained with either test using the 154 
serum samples drawn from uninfected 
rabbits. Specific flocculation antibodies 
were detected in all infected rabbits 
some time during the course of the ex- 
periment. One rabbit, 11 D, died 14 
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days after infection without giving a 
positive complement fixation test; but 
no blood had been drawn from this 
rabbit after the 8th day. The first 
serologic positive was demonstrated by 
beth methods on a serum obtained 6 
days after infection. The days after 
inoculation on which specific antibodies 
were detected for the first time in the 
various rabbits are shown in table 2. As 
can be seen, the majority of the rabbits 
gave a positive reaction to both tests 
within 11 days following inoculation, 
and all living rabbits were positive by 
the complement fixation test within 20 
days. With one exception all infected 
rabbits were positive by the flocculation 
test within 27 days. 
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15 of the 17 nonsurviving and 13 of the 
17 surviving animals by the 11th day. 
No important differences were noted in 
the titers of surviving and nonsurviving 
animals with either test. 

The relation of the number of rabbits 
positive by either test on any one day to 
the number of living rabbits is shown in 
table 3. Because of an occasional reversal 
of results from positive to negative, the 
number of rabbits positive on any one 
day cannot be obtained, necessarily, 
from an addition of the number of 
rabbits which had given positive reac- 
tions up to and including that day. Such 
reversals occurred twice with the com- 
plement fixation test when two serums 
positive the 8th and 10th day, re- 


TABLE 3.—Number of rabbits positive by the flocculation and complement fixation tests on various 


days after infection with T. spiralis. 


Days after infection 








Number of living rabbits 





33 





Flocculation test 
Complement fixation test 


Flocculation test if a 1+ or 2+ 
reaction is considered positive 0 0 


a5 
3 
FE 
a 
ZS 


4 


Rabbits which survived the experi- 
ment tended to show flocculation anti- 
bodies later in the infection than those 
that did not survive. As is shown in 
table 2, 16 of the 17 rabbits that did not 
survive the experiment were positive by 
flocculation within 10 days after inocu- 
lation, but only 5 of 17 that survived the 
experiment were positive within 11 
days. Conversely, only 1 of the 17 non- 
surviving rabbits remained negative 
until the 20th day, but 12 of the 17 sur- 
viving animals did not become positive 
until the 20th day or later. This differ- 
ence was not apparent with the comple- 
ment fixation test, as complement- 
fixing antibodies were demonstrated in 


16 24 19% 17 
25 238 22 2 


233 2% =«4290~=6©2S 0 — 22 19 





wo rabbits showing zonal reactions were considered negative and are not included in the 19 reported. 


spectively, were anticomplementary 
throughout the positive range on the 
11th day and so were regarded as nega- 
tive. Reversals were more common with 
the flocculation test; and during the 
course of the experiment, 13 serum 
samples drawn from previously positive 
rabbits gave reactions that were consid- 
ered negative. Two of these serums, 
obtained the 41st day, showed zonal 
reactions with the flocculation test, and 
hence were called negative even though 
they gave positive reactions in dilutions 
greater than 1:2. 

In general, the titer given by any one 
rabbit to either test rose steadily 
throughout the first 55 days of the ex- 
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periment. By the 55th day the average 
flocculation titer was 1:60 and the aver- 
age complement fixation titer 1:480. 
The geometric mean of the titers shown 
on any one day of the experiment by 
living rabbits positive on that day is 
given in figure 1. The geometric means 
of the titers were plotted in place of 
arithmetic averages to obviate one very 
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titer was greater than 1:16. In other 
words, 50% of the serums giving median 
flocculation titers of 1:8 would give 
median complement fixation titers of 
1:64. At least 50% of the serums giving 
median complement fixation titers of 
less than 1:8 were negative by floccula- 
tion. 

One hundred and forty-nine speci- 
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Fic. 1.—Comparison of rise in antibody titers, as obtained with the flocculation and complement 


fixation tests, in rabbits infected with 7. spiralis. 


high titer overbalancing the averages, 
and were obtained by considering a 1:2 
dilution as 1, a 1:4 dilution as 2, etc. 
The mean titers rose consistently until 
the 55th day and the mean flocculation 
titer paralleled fairly closely the mean 
titer obtained with the complement fixa- 
tion test. When the titers of all infected 
rabbits were considered, irrespective of 
whether the rabbits were positive or 
negative, the median flocculation titer 
was equal to } the complement fixation 
titer, providing the complement fixation 


mens obtained throughout the experi- 
ment were divided; half was saved un- 
inactivated at 4 C and half was inactiv- 
ated at 56 C for 30 minutes. When these 
serums were tested by the flocculation 
method within 48 hours of bleeding, 
negative results were obtained with 
both samples of 41 serums, positive with 
73. Thirty-three serums obtained from 
infected rabbits were positive in the in- 
activated state but negative in the un- 
inactivated state, and 2 serums showed 
the reverse. In the fresh uninactivated 
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serum the flocs were generally loose and 
ill-formed and occasionally a loose floc 
surrounded by unclumped bentonite 
would appear in a negative serum. In 
positive inactivated serum the clumps 
were compact and definite, and in nega- 
tive serum the bentonite was uniformly 
distributed. The differences between the 
inactivated and uninactivated samples 
tended to disappear upon storage of 8 
weeks or more. 
DISCUSSION 

The results of the flocculation and the 
complement fixation test for trichinosis 
performed on 34 infected and 8 control 
rabbits showed that neither test yields 
falsely positive reactions and both are 
capable of detecting the disease. By the 
8th day after inoculation, the floccula- 
tion test had demonstrated the presence 
of specific antibodies in 17 of the 34 in- 
fected rabbits and the complement fixa- 
tion test in 11 of the rabbits. This 
sensitivity was reversed by the 11th 
day, when complement fixing antibodies 
had been detected in a total of 28 rab- 
bits and flocculation antibodies in 21 
rabbits. A total of 33 rabbits had been 
found positive by both methods by the 
27th day, each test having failed to 
demonstrate antibodies in one animal. 
One rabbit which died on the 14th day 
and was not bled after the 8th day was 
negative by the complement fixation 
test, and another rabbit did not become 
positive by the flocculation test until the 
55th day. Neither test, therefore, was 
consistently more sensitive than the 
other in detecting the appearance of 
antibodies to T. spiralis, and both tests 
compared favorably with those reported 
in the literature. The complement fixa- 
tion test, however, showed fewer re- 
versals of results from positive to nega- 
tive on specimens obtained from the 
same animal and gave mean titers 2 to 
3 dilutions higher than those obtained 


with the flocculation test. 

Since the criterion for a positive floc- 
culation test was established originally 
as a 3+ or 4+ reaction, the same stand- 
ard was chosen arbitrarily for the pres- 
ent experiment. Such a criterion was un- 
necessarily stringent. No evidence of 
flocculation was noted in any of the 
negative control serums and, hence, a 
1+ or 2+ reaction could have been 
taken safely as indicating a positive 
test. As is shown in table 2, 22 rabbits or 
65% of the infected animals would have 
been positive by the 8th day after in- 
oculation if a 1+ or 2+ reaction had 
been considered positive. Twenty-five 
rabbits would have been positive by the 
11th day, 28 by the 20th day and all 34 
by the 34th day. Moreover, the number 
of reversals would have been greatly re- 
duced since 12 of the 13 reported were 
the result of 1+ or 2+ reactions in the 
1:2 serum dilution. Three new reversals 
would have been encountered bringing 
the total to 4. Because of the higher rate 
of detection and the fewer number of 
reversals, a larger percentage ol all se- 
rum samples obtained from infected ani- 
mals from the 5th through the 10th day 
would have been positive by the floc- 
culation test than were found positive 
by the complement fixation test. Table 
3 gives the comparison of the number of 
serums positive to the various tests on 
each day the rabbits were bled. On the 
7th and 8th days, for instance, floccula- 
tion antibodies would have been de- 
tected in 11 and 22 serums respectively, 
—at least twice the number that were 
positive by complement fixation. Two 
more serums would have been found 
positive by complement fixation com- 
pared to the flocculation test on the 11th 
day, one due to a reversal obtained with 
the latter test. On the 20th day 7 speci- 
mens positive by complement fixation 
would have been negative by floccula- 
tion, and the tests would have been in 
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agreement from the 34th day on. The 
use of a 1+ or 2+ reaction as the basis 
for reporting a complement fixation test 
as positive would not have changed the 
results except that one serum first re- 
ported positive on the 11th day would 
have been considered positive one day 
earlier. 

As has been stated, 120 of the 146 se- 
rum samples reported as negative be- 
cause they showed nonspecific binding 
gave negative complement fixation re- 
actions in the test proper. These 120 
serums include 53 serums drawn from 
control rabbits and 67 serums drawn 
early in the experiment from infected 
rabbits. Negative or + reactions were 
obtained with 108 of the serums, 1+ re- 
actions with 4 serums and 2+ reactions 
with 8 serums. All of the 2+ reactions 
were obtained with serums from in- 
fected animals. The nonspecific binding 
evidenced by these serums was, obvi- 
ously, of insufficient magnitude to inter- 
fere with the readings obtained in the 
test proper in the presence of the anti- 
gen and four 50% units of complement. 
These results indicate that a 2+ reac- 
tion in a serum binding power determi- 
nation carried out in the presence of two 
50% units of complement is not a valid 
criterion for considering a serum anti- 
complementary. In fact, had serum 
binding powers been omitted from this 
experiment the results obtained with 
the complement fixation test would 
have been unchanged except that one 
falsely positive reaction would have 
been reported and 25 anticomplemen- 
tary serum samples would have been 
considered positive instead of negative. 
These latter serums may have been 
truly positive, as 23 were drawn during 
the 4th to 8th days from 12 infected 
rabbits, all of which were positive on the 
11th day, and 2 were drawn on the 11th 
day from rabbits which had given posi- 
tive results on the 8th or 10th days. 


The flocculation and complement 
fixation titers obtained did not reflect 
the worm burdens of the infected ani- 
mals, and neither test proved to be of 
real prognostic value. The titers of non- 
surviving rabbits rose in the same man- 
ner as those shown by animals that 
survived the experiment, and no evi- 
dence was obtained that nonsurviving 
rabbits were overwhelmed by the infec- 
tion to such an extent that the anti- 
bodies could not be produced. Animals 
that were negative by the flocculation 
test until the 20th day, however, tended 
to survive the 62-day period, although 
the appearance of flocculating anti- 
bodies early in the experiment was no 
index of chance of survival. 

Since the first antigen used in the 
flocculation test did not prove stable, 
it would seem essential that flocculation 
antigens should be carefully controlled 
for loss of sensitivity by the use of 


known positive control serums. In prac- 
tice we have found weakly positive se- 
rums to be of more help in detecting loss 
of sensitivity than serums of high titer 
giving positive results through 5 or 6 
serial dilutions. 


The increase in the number of rabbits 
positive when fresh inactivated serum is 
used instead of fresh uninactivated se- 
rum is caused, partially, by the incom- 
plete flocculation usually occurring in 
uninactivated serum. Had a 1+ or 2+ 
reaction been considered positive, the 
number of the 149 serums tested which 
were positive in the inactive state but 
negative in the active state would have 
dropped from 33 to 15. Nevertheless, it 
seems that whatever the criterion of 
positivity, rabbit serums that are to be 
tested for trichinosis by the flocculation 
test within a few days after bleeding 
should be inactivated before use. 


SUMMARY 


1. The flocculation and complement 
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fixation tests yielded no falsely positive 
results with 162 serum samples drawn 
from 42 uninfected rabbits. 

2. Both tests were capable of detect- 
ing specific antibodies in rabbits in- 
fected with Trichinella spiralis. The first 
positive test obtained by both 
methods with a serum drawn 6 days 


was 


after infection. Focculation antibodies 
were demonstrated in 33 of the 34 in- 
fected animals within 27 days, and com- 
plement fixation antibodies were dem- 
onstrated in 33 of the infected animals 
within 20 days. 

3. The rise of antibody titers given 
by the two tests paralleled each other, 
with the complement fixation test giving 
higher titers by 2 to 3 serial dilutions. 

4. A 1+ or 2+ reaction seems of di- 
agnostic value in the flocculation test for 
trichinosis in the rabbit. 


5. The flocculation antigen should be 
controlled for loss of sensitivity, and se- 
rum tested within a few days after 
bleeding should be inactivated before 
use. 
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THE EFFECT OF X IRRADIATION ON INFECTIONS WITH 
PLASMODIUM BERGHEI IN THE WHITE MOUSE 
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Chicago 37, Illinois 


Previous studies on the effect of X 
irradiation on plasmodia in vivo have 


led to contradictory reports. 


Rigdon 
and Rudisell' concluded that roentgen 
irradiation prevented the 
production of Plasmodium 
young chicks. In general, 


normal re- 
lophurae in 
they found 
that parasitemia was lower in irradiated 
chicks than in controls, and that. the 
greatest reduction of parasitemia oc- 
curred in those animals given the largest 
dose of X rays. These authors stated 
that the depression in parasitemia was 
the result of radiation damage to the 
parasite. Taliaferro, Taliaferro and Sim- 
mons? found that irradiation of the 
animals on the day they were infected 
with either sporozoites or blood forms of 
Plasmodium gallinaceum led to a higher 
parasitemia and a statistically signifi- 
cant lower survival time in chickens. 
Blood-induced P. lophurae infections, 
irradiated the day of infection, 
produced severe and often fatal infec- 
tions in contrast to those of unirradi- 


on 
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ated, infected animals. 
Coatney*® obtained 


Bennison and 
results similar to 
those of Taliaferro et al. The present 
studies tend to show that X irradiation 
results in a lowered parasitemia in white 
mice infected with Plasmodium berghei, 
and that this depression of parasitemia 
is not due to damage to the parasite 
but is probably related to radiation 
destruction of the erythropoietic tissue 
of the host. 


MATERIALS AND METHODS 


The KBG 173 strain of P. berghei was obtained 
from the National Institutes of Health on May 7, 
1951 and has been continuously passed in this 
laboratory, biweekly, in white mice, by the intra- 
peritoneal route. Infected animals have been kept 
in air-conditioned quarters, at about 72 F, with 
alternating periods of 12 hours of light and 12 
hours of darkness. 

Five- to six-week-old CFI female mice ob- 
tained from Carworth Farms were used in all 
experiments. The groups in each experiment con- 
sisted of either 10 or 15 animals. To initiate 
infection 12,500,000 parasites were given intra- 
venously. The desired inoculum was obtained by 
dilution of the donors’ blood after red cell and 
parasite counts had been made. Because of the 
increased incidence of bacteremia in irradiated 
mice‘ a daily dose of 6000 yg of dihydrostrep- 
tomycin sulfate was administered subcutaneously 
to all animals. 

Smears and red cell counts were made daily of 
blood taken from the tail veins of the animals. 
Smears were dried, fixed in methyl alcohol and 
stained with Giemsa. Parasite counts were made 
from blood smears and expressed as the number 
of parasites per 10,000 red blood cells. Due to the 
presence of many pluriparasitized cells, the num- 
ber of parasites often exceeded the number of 


3. Bennison, B. E. and Coatney, G. 
J. Nat. Mal. Soc. 8: 280-289. 

4. Miller, C. P., Hammond, C. W. and Tomp- 
kins, M. 1950, Science 111: 719-720. 
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erythrocytes; nonetheless there were still unin- 
fected red blood cells present. 

Mice were irradiated in celluloid tubes, on a 
revolving table, at about 75 cm from the target 
to the center of the mouse. The X-ray machine 
was operated at 250 kilovolts and 15 milliam- 
peres, with 0.25 mm copper and 1.0 mm alumi- 
num filters. Raliation was delivered at the rate 
of 28 to 32 r per minute, as measured by the 
Victoreen chamber in air. The time of irradiation 
was considered to be the midpoint. 
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which was only one-fourth that of the 
unirradiated controls in actual numbers 
of parasites, and for the remainder of 
the infection had only one-half the num- 
ber of parasites shown by the controls. 
The parasitemia in mice exposed to 
550r never rose above 80 parasites per 
10,000 red blood cells. 


These results indicate that irradia- 





Day of infection 


Fic. 1. 


The course of infection in controls and in mice irradiated with 550r or 250r one day before 


infection with P. berghei. D indicates the death of one mouse. 


EXPERIMENTAL 


Experiment 1. Irradiation (550r, 250r) 
of mice one day before infection with 
P. berghei 


Mice irradiated with 550r or 250r 
showed a depressed parasitemia as il- 
lustrated by figure 1. For the first 13 
days of infection those mice which re- 
ceived 250r displayed a parasitemia 


tion 24 hours prior to infection causes 
a lower level of infection in the 250r 
group and almost a complete lack of 
parasitized cells after the 7th day of 
infection in 550r mice. 


Experiment 2. Irradiation (550r, 250r) 
of mice immediately before (ca. 20 
minutes) infection with P. berghei 


Results of this experiment are shown 
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in figure 2 and closely parallel those 
cited for experiment 1. The parasitemia 
of the 550r group in this experiment 
reached a higher peak than in those 
animals irradiated 24 hours prior to 
infection. It never became higher than 
540 parasites per 10,000 erythrocytes 
and reached this peak at the same time 
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one day, 3 days or 5 davs after infec- 
tion exhibited a sharp rise in parasitemia 
(fig. 3 and 4) 24 hours after exposure 
to X rays. In the two groups irradiated 
one day after infection the rise in num 
bers of parasites was statistically signif- 
icant when compared t» the controls, 
while in those groups irradiated 3 or 5 
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Day of infection 


Fic. 2.—The course of infection in controls and in mice irradiated with 550r or 250r immediately 
before (approximately 20 minutes) infection with P. berghei. D indicates the death of one mouse. In 
the control group 3 animals died between the 20th and 23rd day of infection. 


as the comparable group in the pre- 
vious experiment. 

These results indicate that irradia- 
tion immediately prior to infection has 
essentially the same effects as irradia- 
tion 24 hours before infection. 


Experiment 3. Irradiation (550r, 250r) 
I day, 3 days, 5* days, or 7* days 
after infection with P. berghei 


Mice irradiated with 550r or 250r 


*For this part of the experiment another 


days after infection the rise was not 
significant. The groups irradiated 7 
days after infection showed only a very 
slight rise in parasitemia 24 hours after 
exposure. 

In those animals subjected to 250r, 


X-ray machine had to be used. This machine was 
operated at 250 kilovolts and 15 milliamperes, 
with 1.0 mm copper and 2.0 mm aluminum 
filters. Because of the change of filters, harder 
X rays were delivered. The author is grateful to 
Dr. P. P. DeBruyn of the Department of 
Anatomy for the use of this machine. 
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independent of the time of administra- 
tion, the infection curve dropped after 
the primary sharp rise and proceeded 
at a lower level than the normals until 
the termination of the infection. 

The two groups of mice exposed to 
550r one day or 3 days after infeciion 
exhibited a steadily declining parasite- 
mia after the primary rise, which fell 
to below 10 parasites per 10,000 red 
blood cells by the 11th day of infection. 
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tration of X rays during the course of 
infection may permit an immediate 
rise in parasitemia, which is followed 
by a subsequent depression. In the case 
of mice exposed to 550r, the later the X 
rays are given the less extensive is the 
depression of parasitemia. 


DISCUSSION 


The present data indicate that X 
irradiation profoundly affects the course 
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Fic. 3.—The course of infection in controls and in mice irradiated with 550r or 250r one day after 
infection with P. berghei. D indicates the death of one mouse. 


The two groups subjected to 550r on 
the 5th or 7th days of infection showed 
depressed parasitemias which never 
fell below 40 per 10,000 red blood cells 
and reached counts between 2000 and 
6000 parasites per 10,000 red blood cells 
before death of the animals terminated 
the experiment. 

These results show that the adminis- 


of infection of P. berghei in the white 
mouse. When delivered before or up to 
the 3rd day of infection, 550r caused an 
almost complete disappearance of para- 
sites between the 7th and 11th day of 
infection. When delivered on the 5th 
or 7th days of infection, 550r resulted in 
a depression but not a disappearance 
of parasites. Administration of 250r led 
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consistently to a lowered parasitemia, 
which was probably significantly dif- 
ferent from the course of infection in 
the unirradiated controls. Contrary to 
the interpretation of Rigdon and Rudi- 
sell, the lowered parasitemia here can- 
not be ascribed to radiation damage of 
the parasites. Since parasites in experi- 
ments 1 and 2 were inoculated after 
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becomes the most important factor. The 
results indicate that P. berghei cannot 
depend on mature mouse red blood 
cells for its survival, but preferentially 
parasitizes the immature forms of the 
erythropoietic series. On the basis of 
morphological observations, Baldi® has 
shown that the parasite exhibits a 
marked tropism for immature erythro- 


Day of infection 


Fic. 4. 


~The course of infection in controls and in mice irradiated with 550r or 250r three, five, or 


seven days after infection with P. berghei. D indicates the death of one mouse. 


irradiation, they were not subject to 
the direct effects of X rays. The lowered 
parasitemia must then be due _ to 
changes in the animal host. 

The present work indicates that 
among the various factors of natural 
and acquired immunity which limit the 
course of this infection, the availability 
of cells physiologically suitable for pene- 
tration and survival of the parasites 


cytes. This observation has been con- 
firmed by Hsu and Geiman*® and by 
hematological studies in this labora- 
tory.’ In figure 5 the rate of decline of 
total numbers of erythrocytes is com- 
pared to the rate of increase of parasites 


5. Baldi, A. 1950, Riv. di malariol. 29: 349-357, 
6. Hsu, D. and Geiman, Q. 1952, Am. J. Trop. 
Med. & Hyg. 1: 747-760. 
. Singer, I. Unpublished work. 
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per 10,000 red blood cells. It should be 
noted that the rate of decline of erythro- 
cytes in the 550r-parasitized mice 
closely parallels that of the unirradiated 
infected animals. In the unparasitized 
550r group the total erythrocyte count 
remains within the normal range untii 
after most of the animals in the irradl- 


19000-4 


as 2 


j 


+ 
t 
' 
‘ 


3 
= 


Parasites per 10,000 red blood cells 


= 





E 
E 
3 
t 
a 
2 
3 
a 
3 
c 
> 
& 
” 
oO 
E 
3 
z 
1X 


+ 





<—“X rays uf 


IRA SINGER 


that erythrogenesis in mice given an 
LDso dose of X rays virtually stops on 
the day after irradiation, and remains 
absent or at a low level for the following 
12 to 14 days. Since the LDs5o (30 days) 
dose for the mice used in these experi- 
ments is about 400r, an irradiation dose 
of 550r probably destroys most of the 
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Day of infection 


Fic. 5. 


The course of parasitemia and changes in the total red blood cell counts in control and ir- 


radiated animals. Note that anemia due to radiation injury does not start in the 550r control group 
until after the infection has run its course in the 550r parasitized group. 


ated parasitized group are dead. Radi- 
ation anemia, then, does not start in 
time to affect the course of infection in 
these experiments. Although a normal 
number of erythrocytes is present in the 
irradiated animals, a normal course of 
infection does not occur, probably due to 
a decrease of immature red cells or 
reticulocytes. Furth et al* have shown 


8. Furth, J. 
Wish, L. 


Andrews, G., Storey, R. H. and 
1951, South. M. J. 44: 86-92. 


young cells and so prevents the survival, 
let alone the increase, of the parasites 
by depriving them of a suitable host 
substrate. The 250r preinfection dose of 
X rays only partially destroys the host's 
capacity for erythrogenesis. The para- 
site is then able to penetrate those im- 
mature cells which are available and to 
follow the normal course of infection but 
at a lower level. 

When X rays are administered after 
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infection, the initial partial balance 
attained between the parasite and host 
is probably disrupted. The cellular ele- 
ments of defense are in operation and 
infection has moderately stimulated 
erythropoiesis.’ The X-ray damage to 
the immune process of the host permits 
the parasites to reproduce rapidly, 
checked only by the availability of suit- 
able host cells. Because erythropoiesis 
is at a higher level than in normal, un- 
parasitized animals, there are more suit- 
able host cells available, and the parasite 
is able to penetrate these without inhi- 
bition. When X rays are administered 
early in the infection, the parasitemia 
must subsequently drop because most 
of the available immaturecells have been 
parasitized; and, due to radiation injury, 
the erythrogenic tissue of the host is 
unable to replace these cells. When X 
rays are administered later, this drop is 
not so extensive, because erythropoiesis 
is at a higher level and fewer cells are 
destroyed. 

When 550r are given up to the 3rd 
day of infection, the erythrogenic tissue 
is not able to recover. However, this 
dosage administered after the 3rd day 
causes 2 depression in parasitemia which 
subsequently rises to between 2000 and 
6000 parasites per 10,000 red blood 
cells and probably mirrors a greater 
potential for erythropoietic recovery. 
Jacobson and coworkers® have shown 
that in rabbits having anemia, reticulo- 
cytosis, and hyperplastic myeloid tissue, 
exposure to 800r total body irradiation 
results in less destruction of erythro- 
blasts and less inhibition of mitotic 
proliferation of erythroblasts than in 
non-anemic animals. In this case com- 


9. Jacobson, L. O., Marks, E. K. and Simmons, 
E. L. Feb. 11, 1946, University of Chicago 
Metallurgical Laboratory, Contr. No. W-7401 
eng. 37: CH 3428. 
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paratively large numbers of immature 
erythrocytes survive in the bone mar- 
row and spleen. The failure of the X rays 
to produce a further anemia is ascribed 
to the large numbers of erythroblasts 
present at the time of irradiation and to 
the erythropoietic tissue previously 
stimulated by the anemia-producing 
procedure. This may account for the 
ability of those animals irradiated with 
550r five or seven days after infection to 
support an infection which approaches 
that of the controls in intensity. Since 
the infection has already stimulated 
erythropoiesis, the animals are better 
able to recover from the effects of irradi- 
ation. The X-ray damage was incurred 
when the erythropoietic function was at 
a higher level than in uninfected ani- 
mals. Thus, animals irradiated after 
infection are better able to supply a 
sufficient number of cells suitable for 
the parasite and to maintain a high 
level of infection. 


SUMMARY 


Mice were irradiated 24 hours prior 
to, immediately before, 1 day, 3 days, 5 
days or 7 days after infection with 
Plasmodium berghei. Alternate groups 
of animals were subjected to either 550r 
or 250r total body irradiation. Five 
hundred and fifty r administered up to 
the 3rd day of infection induced a low 
parasitemia in infected mice, which 
reached its peak on approximately the 
the 5th day of infection, and subse- 
quently dropped to below 10 parasites 
per 10,000 erythrocytes until the death 
of the animals. When 550r were ad- 
ministered on the 5th or 7th day after 
infection, the parasitemia never dropped 
below 40 parasites per 10,000 red blood 
cells and before the infection was termi- 
nated by death rose to between 2000 
and 6000 parasites per 10,000 erythro- 
cytes. Two hundred and fifty r adminis- 
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infection resulted in a 
course of infection similar to that of the 
controls, but maintained at a 


tered before 


lower 


level. Two hundred and fifty r adminis- 
tered after infection led to a primary rise 


in the numbers of parasites 24 hours 


after irradiation and a_ subsequent 
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course of infection lower than that of the 
infected controls. 

These results are discussed in rela- 
tion to the parasite’s preference for im- 
mature mouse erythrocytes and the 
inability of the host to supply these 
cells due to X-ray damage. 
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